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(54) Apparatus for detecting carbon monoxide, organic cotnpound, and lower alcohol, and 
methods of the same 



(57) An apparatus or method of the present invention 
measures carbon monoxide included in a hydrogen-rich 
reactant gas with high precision, and also measures a 
lower alcohol or another organic compound included in 
the reactant gas. A carbon monoxide sensor (1 ) includes 
an electrolyte membrane (10), a pair of electrodes 
(12,14) arranged across the electrolyte membrane (10) 
to form a sandwich structure, a pair of holders (20,22) 
for supporting the sandwich structure as well as pair of 
metal plates (16,18). and an insulating member 24 for 
connecting the hoklers (20,22) with each other. A gas 
flow conduit (28) is joined with one holder (20), and a 
gaseous fuel Is fed to the electrode (1 2) via the gas flow 

Fig. 1 



conduit (28). The electrode (14) supported by the other 
holder (22) is exposed to tiie atmosphere. A resistor (34) 
is connected to detection terminals (20T22T) of the hold- 
ers (20.22). and a potential difference between lx>th ter- 
minals of the resistor (34) is measured with a voltmeter 
(32). The voltmeter (32) outputs a signal representing the 
measured potential difference to an external control sys- 
tem. The control system determines the degree of poi- 
soning and the concentration of cart>on monoxide, based 
on the signal representing the measured potential differ- 
ence. 
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Description 

BACKGROUND OF THE INVENTION 
5 Reid of the Invention 

The present invention relates to an apparatus for detecting cart)on monoxide included in a hydrogen-containing 
reactant gas. an apparatus for detecting an organic compound included in the reactant gas. and an apparatus for detect- 
ing a lower alcohol included in the reactant gas. The present invention also pertains to the respective methods of detecting 
10 carbon monoxide, an organic compound, and a lower alcohol. 

Description of the Related Art 

Fuel cells are known apparatus in which the chemical energy of a fuel is converted directly into electrical energy. 
IS The fuel cell generally has a pair of electrodes arranged across an electrolyte, where the surface of one electrode is 
exposed to reactive gaseous hydrogen or gaseous fuel while the surface of the other electrode being exposed to an 
oxidising gas containing oxygen. The electrical energy is generated between the electrodes through the electrochemical 
reactions occurring by the exposure. 

A gaseous fuel supplied to such fuel cells is generated by a reformer, where methanol is steanvrefbrmed according 
20 to the following reactions: 

CH3OH CO + 2H2 - 21 .7 kcal/mol (endothermic reaction) (1) 
CO + H2O CO2 + H2 + 9.8 kcal/mol (exothermic reaction) (2) 

2S 

CH3OH + H2O CO2 + 3H2 - 11 .9 kcal/mol (endothermic reaction) (3) 

Cartx>n monoxide (CO) generated through the reaction expressed by Equation (1) is converted to carbon dioxide 
(C02) by the reaction of Equation (2). and thus does not participate in the reforming reaction expressed by Equation 
30 (3). The rate of reaction expressed by Equation (1 ) may be different from the rate of reaction expressed by Equation (2). 
depending upon the reaction conditions, such as temperature and pressure. Carbon monoxide (CO) generated in the 
reaction of Equation (1) thus remains and is adsorbed by platinum catalyst or platinum-contatning alloy catalyst on the 
fuel electrode and interferes with the catalytic action of platinum. This is generally refen-ed to as poisoning of catalyst. 
Generators utilizing such fuel cells accordingly require a structure allowing the presence of carbon monoxide in the 
35 gaseous fuel fed from the reformer. 

A variety of carbon monoxide sensors have been developed for determining the concentration of cartx}n monoxide 
included in a supply of gaseous fuel fed to the fuel cells. 

A typical example is a potentiostatic electrolysis-based carbon monoxide sensor, which utilizes potentiostatic elec- 
trolysis applied to electrochemical analysis in solutions. Fig. 21 schematically illustrates a conventional potentiostatic 
40 electrolysis-based carbon monoxide sensor, which includes three electrodes: that is, a reference electrode PI . a counter 
electrode P2, and a working electrode PS. 

These electrodes PI, P2. and P3 are exposed to a phase of electrolytic solution and a gas phase. When carbon 
monoxide comes into contact with the working electrode P3, an anode reaction shown below proceeds: 

45 CO + H20->C02 + 2l-r + 2e- 

while a cathode reaction shown below proceeds on the counter electrode P2 exposed to oxygen included in the air: 

(1/2)02 + 2hr + 2e~ -> H2O 

so 

The total reaction is accordingly expressed by: 

CO + (1^)02^C02 

55 The concentration of cartoon monoxide is then determined by measuring the electric cunent generated through tiie 
oxidation of cartK)n monoxide with an ammeter P4. 

This conventional cark>on monoxide sensor can determine the concentration of cartK>n monoxide included in the air 
witti high precision, but is significantly affected by the presence of hydrogen because of its principles of measurement. 
The conventional potentiostatic electrolysis-based sensor is tiius not suitable for determining the concentration of cartoon 
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monoxide Included in the hydrogen-rich gaseous fuel, which contains only a trace amount of caibon monoxide in an 
extremely large amount of hydrogen. The sensor naturally has a low sensitivity of detection to hydrogen, which is approx- 
imately 1/80 that to cartx)n monoxide. Since a supply of gaseous fuel fed to fuel cells contains an extremely large amount 
of hydrogen, the sensor simultaneously detects hydrogen and cartxsn monoxide and suffers from a problem of low 

5 precision in the measurement of cartx>n monoxide. 

Like the potentiostatic electrolysis-based sensor described above, another known cartoon monoxide sensor based 
on catalytic combustion has been developed originally for measuring cartx>n monoxide included in the air. The prot)lem 
of poor precision thus arises in the process of measuring cartx>n monoxide included in the hydrogen-rich gaseous fuel. 
Apparatus for detecting organic compounds and those for detecting lower alcohols have also been proposed and 

10 utilized. 

Known methanol-detecting apparatus, which con-espond to both the organic compound-detecting apparatus and 
the lower alcohol-detecting apparatus, are used for detecting methanol included in gasoline (for exanple. JAPANESE 
PATENT PUBLICATION GAZETTE No. H-3-48533). Such an apparatus is constructed as a cell including an ion- 
exchange membrane and two electrodes arranged across the ion-exchange membrane, where gasoline Is fed to one 
IS electrode and an electrolytic solution, that is. 10 percent by weight of aqueous sulfuric acid, to the other electrode. On 
the electrode exposed to gasoline, a reaction expressed by Equation (4) below proceeds to generate cartx>n dioxide, 
hydrogen ions and electrons from methanol and water included in gasoline. On the electrode exposed to the electrolytic 
solution, a reaction expressed by Equation (5) below proceeds to generate water from hydrogen ions permeated through 
the ion-exchange membrane and oxygen and electrons included in the electrolytic solution. 

20 

CH3OH + H2P -> CO2 + 6H* + 6e"" (4) 
(3/2)02 + 6H* + 6e" 3H2O (5) 

25 Electromotive force generated between the electrodes by these electrochemical reactions increases with an 

increase in concentration of methanol included in gasoline. This apparatus accordingly determines the concentration of 
methanol included In gasoline, based on the electromotive force generated between the electrodes. 

These conventional methanol-detecting apparatus, which are used for detecting methanol included in gasoline, that 
is, a liquid, can not measure methanol included in a gas, especially, a hydrogen-rich gas. Precise measurement of 

30 methanol included in a hydrogen-rich gas leads to efficient operation of methanol reformers for generating a hydrogen- 
rich gas through the reaction of methanol with water or to efficient operation of fuel cells or other mechanisms for gen- 
erating electrical energy using as a fuel the hydrogen-rich gas generated by the methanol reformer. 

This problem is not characteristic of the methanol-detecting apparatus, but similar problems are also found in appa- 
ratus for detecting lower alcohols otiner than methanol or those for detecting other organic compounds, when petroleum, 

35 instead of methanol, is used as material of tiie reformer. 

SUMMARY OF THE INVENTION 

One object of the present Invention is thus to provide an apparatus for detecting carbon monoxide included in a 
40 hydrogen-rich reactant gas with high precision. 

Anottier object of the invention is to provide an apparatus for detecting an organic compound included in the hydro- 
gen-rich reactant gas. 

Still another object of the invention is to provide an eipparatus for detecting a lower alcohol included In the hydrogen- 
rich reactant gas. 

45 The above and the other related objects are realized by an apparatus for detecting carkx>n monoxide included in a 
hydrogen-containing reactant gas. The cartx>n monoxide-detecting apparatus comprises: an electrolyte membrane; first 
eind second electrodes with a catalyst carried thereon, the first and the second electrodes being arranged across the 
electrolyte membrane; a reactant gas supply conduit for supplying tfie reactant gas to the first electrode; an oxygen gas 
supply conduit for supplying an oxygen-containing gas to the second electrode; and potential difference measurement 

50 means for measuring a potential difference between ttie first and the second electrodes while a predetermined load is 
connected to the first and the second electrodes. 

The cart>on monoxide-detecting apparatus of this structure takes advantage of the principle of fuel cells, that is, 
conversion of chemical energy to electrical energy. A supply of reactant gas is fed to the first electrode via the reactant 
gas supply conduit, whereas a supply of oxygen-containing gas is fed to the second electrode via the oxygen gas supply 

55 conduit. The chemical energy of the reactant gas is converted to electrical energy by electrochemical reactions, and an 
electromotive force or potential difference is generated between the first and the second electrodes across the electrolyte 
memtxane. In the cartjon monoxide-detecting apparatus of the invention, a predetermined load is connected to the first 
and the second electrodes so as to make the electrochemical reactions continuously proceed. The potential difference 
measurement means then measures the potential difference between the two electrodes. Like the known fuel cells, the 



3 




EP0710 835 A2 

potential difference measured by the invention lowers by poisoning of the catalyst with cart>on monoxide. The potential 
difference measured accordingly represents the degree of catalyst poisoning and thereby the concentration of carbon 
monoxide. 

The measurement of carbon monoxide by this principle is mt affected by the p^ The apparatus 

5 of the invention can accordingly determine, with high precision, the concentration of carbon monoxide included in a 
hydrogen-rich gas containing only a trace amount of carbon monoxide in an extremely large amount of hydrogen, like 
a gaseous fuel fed to the fuel cells. 

According to a preferable structure, the oxygen gas supply conduit comprises an air opening for exposing the second 
electrode to the atmosphere. 

10 In this structure, the second electrode is exposed to the atmosphere via the air opening and accordingly does not 
require any specific oxygen gas supply conduit which effectively reduces the size of the whole carbon monoxide-detect- 
ing apparatus. The signif icantiy weak electric current flowing between the electrodes does not require continuous sup- 
plies of oxygen-containing gas to the second electrode, but exposure to the atmosphere is sufficient for tiie purpose. 
In accordance with another aspect of the invention, the cartx>n monoxide-detecting apparatus further comprises: a 

IS connection passage for connecting the reactant gas supply conduit to the atmosphere; and valve means disposed in 
the connection passage, the valve means being driven to an open position when a pressure in the reactant gas supply 
conduit becomes greater than a predetermined level. 

In this structure, the valve means disposed in the connection passage is open when the pressure in the reactant 
gas supply corxiuit exceeds a predetermined level, and allows the reactant gas supply conduit to connect with the 

20 atmosphere via the connection passage. The high-pressure gas is accordingly released to the atmosphere via the con- 
necting passage. This structure effectively prevents the gas pressure from being abnormaWy heigfitened in the reactant 
gas supply conduit. 

It is further preferable that the cartx}n monoxide-detecting apparatus of tiiis structure comprises valve state detection 
means for detecting the valve means in its open position. 

2s In tills preferable structure, the valve state detection means detects that the valve means is in the open position and 
informs the user of the above operation for releasing the high-pressure of reactant gas to the atmosphere. This allows 
a quick response to the abnormal increase of the gas pressure. 

It is also preferable that the carbon monoxide-detecting apparatus further comprises temperature control means for 
controlling temperature of the first electrode. 

30 The temperature control means controls the temperature of the first electrode receiving a supply of reactant gas, 
thereby adjusting tiie sensitivity of detection of cartxjn monoxide. Because of its characteristics, the carbon monoxide- 
detecting apparatus of the invention is generally applicable for measuring only a restricted range of concentration of 
carbon monoxide. The temperature control procedure, however, enhances the resistance to catalyst poisoning, and 
thereby allows the detectable range of carbon monoxide concentration to be varied. 

35 According to another preferable structure, the carbon monoxide-detecting apparatus further comprises means for 
heating the first electrode to remove carbon monoxide adsorbed by the catalyst on the first electrode. 

This structure releases carbon monoxide adsorbed by tiie catalyst on the first electrode exposed to the reactant 
gas to be Mvorabty released by heating the first electrode. The catalyst on tiie electrode surface exposed to the reactant 
gas generally lowers its catalytic activities by the effect of carbon monoxide of unexpectedly high concentration. The 

40 lowered catalytic activities undesirably deteriorate the function of the carkxxi monoxide-detecting apparatus. Tiie means 
of this structure, however, increases the temperature of the first electrode to higher and makes carbon monoxide released 
from the catalyst on the first electrode, thus recovering the catalytic activities and preventing deterioration of the function 
of the carbon monoxide-detecting apparatus. 

The cartson monoxide-detecting apparatus is preferably provided with concentration calculating means for calculat- 

45 ing a concentration of cartjon monoxide included in the reactant gas, based on the potential difference measured by the 
potential difference measurement means. 

In tills structure, the concentration calculating means efficientiy calculates the concentration of carbon monoxide 
included in the reactant gas, based on the potential difference measured by the potential difference measurement means. 
In accordance with another aspect of the invention, the carbon nrxjnoxide-detecting apparatus further comprises 

so determination means for determining that carbon monoxide of not less than a predetermined concentration exists in the 
reactant gas when the potential difference measured by the potential difference measurement means is not greater than 
a preset value. 

In this structure, the determination means effectively determines that cartx>n monoxide existing in the reactant gas 
exceeds a predetermined concentration when the potential difference measured by the potential difference measurement 
55 means is below a preset value. 

The invention is also directed to an apparatus for detecting an organic compound included in a hydrogen-containing 
reactant gas. The organic compound-detecting apparatus comprises: an electrolyte membriane; first and second elec- 
trodes with a catalyst carried ttiereon, the first and the second electrodes being arranged across the electrolyte mem- 
brane: a reactant gas supply conduit for supplying the reactant gas to the first electrode; an oxygen gas supply corxiuit 
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for supplying an oxygen-containing gas to the second electrode; and potential difference measurement means for meas- 
uring a potential difference between the first and the second electrodes. 

In the organic compound-detecting apparatus of this structure, a supply of reactant gas is fed to the first electrode 
via the reactant gas supply conduit, whereas a supply of oxygen-containing gas is fed to the second electrode via the 

5 oxygen gas supply conduit. The potential difference measurement means then measures a potential difference gener- 
ated between the first and the second electrodes across the electrolyte membrane. Since the existence of organic com- 
pound in the reactant gas decreases the potential difference between the two electrodes, measurement of the potential 
difference gives the concentration of organic compound included in the reactant gas. The organic conpound-detecting 
apparatus of the invention can accordingly determine the concentration of organic compound included in a hydrogen- 

10 rich gas containing only a trace amount of organic compound in an extremely large amount of hydrogen, like a gaseous 
fuel fed to the fuel cells. 

It is preferable that the oxygen gas supply conduit of this organic compound-detecting apparatus further comprises 
an air opening for exposing the second electrode to the atmosphere. 

In this structure, the second electrode is exposed to the atmosphere via the air opening and accordingly does not 
15 require any specific oxygen gas supply conduit, which effectively reduces the size of the whole organic compound- 
detecting apparatus. The significantly weak electric current flowing between the electrodes does not require continuous 
supplies of oxygen-containing gas to the second electrode, but exposure to the atmosphere is sufficient for the purpose. 

According to a preferable application, the organic compound-detecting apparatus further comprises: a connection 
passage for connecting the reactant gas supply conduit to the atmosphere; arxd valve means disposed in the connection 
20 passage, tiie valve means being driven to an open position when a pressure in the reactant gas supply conduit becomes 
greater than a predetermined level. 

In this structure, the valve means disposed in tiie connection passage is open when the pressure in the reactant 
gas supply conduit exceeds a predetermined level, and allows the reactant gas supply conduit to connect with the 
atmosphere via the connection passage. The highi3ressure gas is accordingly released to the atmosphere via the con- 
25 necting passage. This structure effectively prevents the gas pressure from being abnormally heightened in the reactant 
gas supply conduit. 

In this structure, the organic compound-detecting apparatus is preferably provided with valve state detection means 
for detecting the valve means in its open position. 

In this preferable structure, the valve state detection means detects that tiie valve means is in the open position and 
30 informs the user of the above operation for releasing the high-pressure of reactant gas to the atmosphere. This allows 
a quick response to the abnormal inaease of the gas pressure. 

It is preferatsle that the organic compound<letecting apparatus further comprises temperature control means for 
controlling temperature of the first electrode. 

The temperature control means controls the temperature of the first electrode receiving a supply of reactant gas. 
35 thereby adjusting the sensitivity of detection of organic compound. The temperature control procedure allows the tem- 
perature of the first electrode to be set at a desirable level realizing high sensitivity of detection, thereby enhancing the 
precision of measurement. 

In accordance with one aspect of the invention, the organic compound-detecting apparatus further comprises: 
switching means for moving between a first position where a predetermined load is connected to the first and the second 

4o electrodes and a second position where the predetermined load is disconnected from the first and the second electrodes; 
means for calculating a concentration of carbon monoxide included in the reactant gas, based on the potential difference 
measured by the potential difference measurement means, while the switching means is in the first position; and means 
for calculating a concentration of the organic compound included in the reactant gas. based on the potential difference 
measured by the potential difference measurement means while the switching means is in the second position. 

45 In this structure, the switching means selects eitiier the first position where a predetermined load is connected to 
the first and the second electrodes or the second position where tiie predetermined load is disconnected from the two 
electrodes. The concentration of carbon monoxide-calculating means calculates the concentration of C€utx)n monoxide 
included in the reactant gas, based on the potential difference measured by the potential difference measurement means, 
while the switching means selects the first position . The concentration of organic compound-calculating means calculates 

so the concentration of organic compound included in the reactant gas. based on tiie potential difference measured by the 
potential difference measurement means, while the switching means selects the second position. The apparatus of this 
structure can determine both the concentration of cartx)n monoxide and the concentration of organic compound included 
in the hydrogen-rich reactant gas by switching between the connection of the predetermined load to the two electrodes 
arKl the disconnection of the predetermined load with the two electrodes. 

55 According to another aspect of the invention, the organic compound-detecting apparatus comprises means for cal- 
culating a concentration of the organic compound included in the reactant gas, based on the potential difference meas- 
ured by the potential difference measurement means. 

In this structure, the means efficiently calculates the concentration of organic compound included in the reactant 
gas. based on the potential difference measured by the potential difference measurement means. 



5 




EP0710835 A2 

In one preferable application, the organic compound-detecting apparatus further comprises determination means 
for determining that the organic compound of not less than a predetermined concentration exists in the reactant gas 
when the potential difference measured by the potential difference measurement means is not greater than a preset 
value. 

s In this structure, the determination means effectively determines that the organic compound existing in the reactant 

gas exceeds a predetermined concentration when the potential difference measured by the potential difference meas- 
urement means is t^low a preset value. 

The invention is also directed to an apparatus for measuring an organic compound included in a hydrogen-containing 
reactant gas. The organic compound-detecting apparatus comprises: a multi-layered structure comprising a plurality of 

10 layer units laid one upon another, each the layer unit comprising an electrolyte membrane and first and second electrodes 
having a catalyst carried thereon and arranged across the electrolyte membrane; a reactant gas supply conduit for 
supplying the reactant gas to the first electrode in the each layer unit of the multi-layered structure; an oxygen gas supply 
conduit for supplying an oxygen-containing gas to the second electrode in the each layer unit of the multi-layered struc- 
ture; and potential difference measurement means for measuring a potential difference k^etween the first electrode prox- 

IS imate to a first end of the multi-layered structure and the second electrode proximate to a second end of the multi-layered 
structure, which is opposite to the first end. 

In the organic compound-detecting apparatus of this structure, a supply of reactant gas is fed to the first electrode 
in each the layer unit of the multi-layered structure via the reactant gas supply conduit, whereas a supply of oxygen- 
containing gas is fed to the second electrode in each layer unit of the multi-layered structure via the oxygen gas supply 

20 conduit The potential difference measurement means then measures a potential difference generated between the first 
electrode proximate to a first end of the multi-layered structure and the second electrode proxinate to a second end of 
the multi-layered structure. The organic compound-detecting apparatus of the invention accordingly determines the 
concentration of organic compound included in the hydrogen-rich reactant gas. 

In accordance with a preferable structure of the invention, the multi-layered structure comprises a stack of fuel cells 

25 comprising a plurality of fuel cells laid one upon another, said apparatus further comprising: cut-off means for cutting off 
a connection of the stack of fuel cells with a predetermined toad for a preset time period; and concentration calculating 
means for calculating a concentration of the organic compound included in the reactant gas. t)ased on the potential 
difference measured by the potential difference measurement means, in the preset time period when the predetermined 
load is disconnected from the stack of fuel cells by the cut-off means. 

30 The concentration calculating means calculates the concentration of organic compound, for example, methanol, 
included in the reactant gas, based on the potential difference measured by the potential difference measurement means, 
in the preset time period when the predetermined load is disconnected from the stack of fuel cells by the cut-off means. 
This structure allows the organic compound included in the hydrogen-rich reactant gas to be delected using the stack 
of fuel cells for converting the chemical energy of the hydrogen-rich reactant gas to electrical energy The cut-off means 

35 cuts off the connection of the stack of fuel cells with a predetermined load for a preset time period. The preset time 
required for measuring tiie potential difference between the electrodes under the no-load condition generally ranges 
from several to ten-odd milliseconds. When the predetermined load is a driving apparatus having relatively low response, 
such as a motor, the temporary, short-time interception does not affect the driving apparatus but allows continuous 
operation of the driving apparatus. 

40 The invention is also directed to an apparatus for measuring a lower alcohol included in a hydrogen-containing 
reactant gas. The lower alcohol-detecting apparatus comprises: an electrolyte membrane; first and second electrodes 
with a catalyst carried thereon, the first and the second electrodes being arranged across the electrolyte membrane; a 
reactant gas supply conduit for supplying the reactant gas to the first electrode; an oxygen gas supply conduit for sup- 
plying an oxygen-containing gas to the second electrode; and potential difference measurement means for measuring 

45 a potential difference between the first and the second electrodes. The lower alcohol detected here may be methanol. 
In the lower alcohol-detecting apparatus of this sti-ucture. a supply of reactant gas is fed to tiie first electrode via tiie 
reactant gas supply conduit, whereas a supply of oxygen-containing gas is fed to the second electrode via the oxygen 
gas supply conduit. The potential difference measurement means then measures a potential difference generated 
between the first and tiie second electrodes across tiie electrolyte membrane. Since tiie existence of lower alcohol in 

50 the reactant gas deaeases the potential difference between tiie two electrodes, measurement of tiie potential difference 
gives the concentration of lower alcohol included in the reactant gas. The lower alcohol-detecting apparatus of the 
invention can accordingly determine the concentration of lower alcohol included In a hydrogen-rich gas containing only 
a trace amount of lower alcohol in an extremely large amount of hydrogen, like a gaseous fuel fed to the fuel cells. 
The above objects are also realized by a method of detecting carbon monoxide included in a hydrogen-containing 

55 reactant gas. The method comprises the steps of: 

(a) supplying the reactant gas to a first electrode, which is one of two electrodes having a catalyst carried thereon 
and being arranged across an electrolyte membrane; 

(b) supplying an oxygen-containing gas to a second electrode, which is the otiier of the two electrodes; and 
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(c) measuring a potential difference between the first and second electrodes wfiile a predetermined load is connected 
to the first and second electrodes. 

The invention is also directed to a method of detecting an organic compound included in a hydrogen-containing 
reactant gas. The method comprises the steps of: 
5 (g) supplying the reactant gas to a first electrode, which is one of two electrodes having a catalyst can-ied thereon 

and being arranged across an electrolyte membrane: 

(h) supplying an oxygen-containing gas to a second electrode, which is the other of the two electrodes; and 

(i) measuring a potential difference between the first and second electrodes. 

In accordance with another aspect of the invention, the method of measuring an organic compound included 
w in a hydrogen-containing reactant gas comprises the steps of: 

(n) supplying the reactant gas to a first electrode in each layer unit of a multi-layered structure, the multi-layered 
structure comprising a plurality of layer units laid one upon another, each the layer unit comprising an electrolyte 
membrane and first and second electrodes having a catalyst carried thereon and arranged across the electrolyte 
membrane: 

IS (o) supplying an oxygen-containing gas to the second electrode in the each layer unit of the multi-layered structure; 
and 

(p) measuring a potential difference between the first electrode proximate to a first end of the multi-layered structure 
and the second electrode proximate to a second end of the multi-layered structure, which is opposite to the first end. 
In this method, the multi-layered structure Is typically a stack of fuel cells comprising a plurality of fuel cells laid 
20 one upon another. The method preferak>ly comprises the further steps of: 

(q) cutting off a connection of the stack of fuel cells with a predetermined load for a preset time period; and 
(r) calculating a concentration of the organic compound included in the reactant gas. based on the potential differerKe 
measured in the step (p), in the preset time period when the predetermined load is disconnected from the stack of 
fuel cells in the step (q). 

25 The invention is further directed to a method of detecting a lower alcohol included in a hydrogen-containing 

reactant gas. The method comprises the steps of: 

(s) supplying the reactant gas to a first electrode, which is one of two electrodes having a catalyst carried thereon 
and being arranged across an electrolyte membrane; 

(t) supplying an oxygen-containing gas to a second electrode, which is the otiier of the two electrodes; and 
30 (u) measuring a potential difference between the first and second electrodes. 

These and other objects, features, aspects, and advantages of the present invention will become more apparent 
from the following detailed description of the prefen^ed emkxxJiments with the accompanying drawings. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a vertical cross sectional view schematically illustrating a cari3on monoxide sensor 1 as a first embodiment 
according to tiie invention: 

Fig. 2 is a graph showing a relationship between the concentration of cartoon monoxide included in the gaseous fuel 
40 and the potential difference measured by the voltmeter 32; 

Rg. 3 is a vertical cross sectional view schematically illustrating emother cartoon monoxide sensor 101 as a second 
embodiment according to the invention; 

Fig. 4 is a perspective view illustrating an upper hokler 122 disposed in the carison monoxide sensor 101 ; 
Fig. 5 is an enlarged cross sectional view illustrating a gas flow in the cartx>n monoxide sensor 101 under a condition 
45 of abnormally heightened pressure; 

Fig. 6 is a block diagram schematically illustrating structure of a fuel cell generator system 200 with the carbon 
monoxide sensor 1 of the first embodiment, as a tiiird embodiment according to the invention: 
Fig. 7 is a cross sectional view illustrating a unit cell structure in a stack of fuel cells 210; 

Fig. 8 is a flowchart showing a control routine executed by the CPU 232 of the electronic control unit 230 in the third 
50 embodiment; 

Rg. 9 is a graph showing a relationship between the temperature of the cartx)n monoxide sensor 1 of the first 
emtxxiiment and the potential difference: 

Fig. 10 is a vertical cross sectional view schematically illustrating a carbon monoxide sensor 301 as a fourth embod- 
iment according to the invention; 
55 Fig. 11 schematically shows structure of an apparatus 501 for measuring the concerrtration of methanol witii a 
methanol sensor 505 as a sixtii emtxxiiment according to the invention; 

Fig. 12 is a graph showing a relationship between the concentration of methanol included in the gaseous fuel and 
the open circuit voltage OCV generated between the elecb'odes 12 and 14; 
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Fig. 13 is a graph showing a relationship between the concentration of methanol included in the gaseous fuel and 
the open circuit voltage OCV measured by the voltmeter 532; 

Fig. 14 is a circuit diagram showing a determination circuit 550 applicable in place of the electronic control unit 540 
of Fig. 11; 

5 Fig. 1 5 schematically illustrates structure of a methanol sensor 505B incorporated in another methanol concentra- 

tion-measuring apparatus 501 B as a seventh embodiment according to the invention; 

Fig. 16 schematically illustrates structure of still another methanol concentration-measuring apparatus 501 C as an 
eighth emlxxjiment according to the invention; 

Fig. 1 7 schematically illustrates structure of a metiianol sensor 605 incorporated in another methanol concenti'ation- 
10 measuring apparatus 601 as a ninth embodiment according to the Invention; 

Fig. 18 is a block diagram schematically illustrating structure of a fuel cell generator system 700 with a methanol 
concentration-measuring apparatus 701 as a tenth embodiment according to tiie invention; 
Fig. 19 schematically illustrates a typical structure of the stack of fuel cells 710 

Fig. 20 is a flowchart showing a methanol detection routine executed by the CPU 732 of the electronic control unit 
IS 730 in the tenth emt)odiment; and 

Fig. 21 schematically illustrates structure of a potentiostatic electrolysis43ased cartx>n monoxide sensor as a prior 
art. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

20 

First through fifth embodiments according to the Invention described below are related to the apparatus for measuring 
carbon monoxide. 

Fig. 1 is a vertical cross sectional view illustrating a carbon monoxide sensor 1 as a first embodiment according to 
the invention. The cartx)n monoxide sensor 1 includes an electrolyte membrane 10. a pair of electrodes 12 and 14 
25 arrariged across the electi-olyte membrane 10 to form a sandwich structure, a pair of meshed metal plates 16 and 18 
disposed across the sandwich structure to prevent deflection of the sandwich structure, a pair of holders 20 and 22 for 
supporting the sandwich structure as well as tiie pair of meshed metal plates 16 and 18, and an insulating member 24 
for connecting the holders 20 and 22 with each other under electrically insulating conditions. 

The electi-olyte membrane 10 is composed of solid polymer material, such as fluororesin. to be proton-conductive, 
30 The electrodes 1 2 and 1 4 are made of carbon cloth woven of cartxjn fibers, where carton powder with platinum catalyst 
carried thereon is inserted into pores of the cartxjn cloth. 

The electrolyte membrane 10 and the pair of electrodes 12 and 14 are joined together according to one of the 
following methods: 

35 (1) Catalyst powder prepared in advance by making platinum earned on tiie surface of cartx>n powder is applied 
onto tiie surface of electrode bases (carbon cloth or cartx>n paper). The electrolyte mentjrane 10 and tiie electrode 
bases are then integrated by hot pressing. 

(2) Catalyst powder prepared in advance by making platinum carried on tiie surface of carbon powder is applied 
onto the surface of electi-ode bases. The electrolyte membrane 1 0 and the electrode bases are subsequentiy joined 

40 together by means of a solution of proton-conductive solid polymer. 

(3) Catalyst powder prepared in advance by making platinum carried on the surface of carbon powder is dispersed 
in an appropriate organic solvent to form paste. The paste is applied on the surface of the electrolyte membrane 10 
by a known technique, like screen printing. The electi-dyte membrane 10 and electrode bases are subsequentiy 
integrated by hot pressing. 

45 (4) Platinum is carried on the surface of tiie electrolyte membrane 10 by sputtering, vapor deposition. CVD. PVD. 
or anotfier method of tiiin film formation. The electi-olyte membrane 10 and electi-ode bases are subsequentiy inte- 
grated by hot pressing. 

Caitx)n powder with platinum catalyst carried thereon is prepared in tiie following manner. An aqueous solution of 
so chloroplatinic add is mixed with sodium thiosulfate to yield an aqueous solution of platinum sulfite complex. Hydrogen 
peroxide is added dropwise to the aqueous solution of platinum sulfite with stirring, so that platinum colloidal particles 
are deposited in the aqueous solution. Cart)on black working as a carrier is then added to the aqueous solution with 
stirring, so that the platinum colloidal particles adhere to the surface of carbon black. Examples of applicable carbon 
black include Vulcan XC-72 (trade name by CABOT Corp.. the USA) and Denka Black (trade name by DENKI KAGAKU 
55 KOGYO K.K). The cark)on black witii platinum particles adhering thereto is separated by filtration under reduced pressure 
or pressure filtration of the aqueous solution, washed repeatedly with deionized water, and completely dried at room 
temperature. The dried cartjon black aggregate is ground witii a grinder and heated in a reducing hydrogen atinosphere 
at 250*C through 350"C for approximately 2 hours for reduction of platinum on the carix>n t>lack and complete removal 
of the remaining chlorine. 
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The carrying density of platinum onto carbon black in the resulting platinum catalyst powder thus prepared, that is, 
the ratio of the weight of platinum earned on the cartx)n surface to the weight of cartDon. is adjusted by varying the ratio 
of the quantity of chloroplatinic acid to the quantity of carton black. Preparation of platinum catalyst powder is not limited 
to this method, but any other method is applicable as long as it ensures sufficient catalytic activities. 
5 For tiie clarity of explanation, catalyst powder prepared above contains only platinum as a catalytic component An 

alloy catalyst containing platinum as a primary component and one or the plural selected out of the group including 
ruthenium, nickel, cobalt, vanadium, palladium, indium, iron, chromium, and manganese, as a secondary component 
may, however, be used in place of platinum catalyst. 

Preparation of platinum-ruthenium catalyst powder, that is, carbon black with platinum-ruthenium alloy catalyst car- 
lo ried thereon, is explained as an example of alloy catalyst. The platinum catalyst powder (carkx>n black with platinum 
catalyst carried tiiereon) prepared in the above manner is dispersed in deionized water with stirring. An aqueous solution 
of ruthenium chloride in limited amounts is added to the dispersion witii stirring, and an aqueous solution of sodium 
carbonate in limited amounts is further added to the dispersion with stinring. so that ruthenium particles are deposited 
on the platinum catalyst-carrying cartxxi black. The platinum catalyst-carrying cart>on black with ruthenium particles 
IS adhering thereto is separated by filtration under reduced pressure or pressure filtration of the solution mixture, washed 
repeatedly with deionized water, and sufficiently dried at room temperature. The dried cartx>n black aggregate is ground 
with a grinder and heated in a reducing hydrogen atmosphere at 250''C through 350^*0 for approximately 2 hours for 
reduction of platinum and ruthenium on the cart>on black and complete removal of the remaining chlorine taken up during 
the deposition of ruthenium. The cartxjn black witfi platinum and ruthenium carried thereon is heated in a stream of inert 
20 gas (nitrogen or argon) at SOO'^C through 900''C for approximately 1 hour. This heating process makes an alloy of platinum 
and ruthenium on the cartK}n black and completes the platinum-ruthenium catalyst powder, that is, cartx>n black with 
platinum-rutiienium alloy catalyst carried thereon. 

The amounts of platinum and ruthenium carried on cartxMi black are adjusted by varying the quantity of platinum- 
carrying cartx)n black and the quantity of ruthenium chloride. Preparation of platinum-ruthenium catalyst powder Is not 
25 limited to this metiiod. but any other method is applicable as long as it ensures sufficient catalytic activities. 

TTie preferable area of electrodes 12 and 14 ranges from 0.1 through 1.0 cnri2. 

The meshed metal plates 16 and 18 have structure of allowing a gas to be flown into tine electrodes 12 and 14. 
Preferable material for the meshed metal plates 16 and 18 has excellent electrical conductivity and good rust preventing 
properties and does not cause hydrogen brittieness; for example, titanium and stainless steel. Alternatively, the metal 

30 plates 16 and 18 may be meshed copper plates having surface coated with (for example, plated with) a metal like gold, 
platinum, or titanium. As long as the required properties including excellent electrical conductivity are satisfied, porous 
carbon plates, foamed nickel plates, and engineering plastics having surface coated with (for exanple. plated with) a 
metal like gold, platinum, or titanium may also be applicable as the metal plates 16 and 18. 

The holders 20 and 22 respectively have flanges 20a and 22a projected inward from tiie cylindrical holder structures 

35 20 and 22. The electrolyte membrane 10 and the pair of electrodes 12 and 14 as well as the meshed metal plates 16 
and 18 are supported by these flanges 20a and 22a of the holders 20 and 22. Preferable material for the holders 20 and 
22 has excellent electrical conductivity and good rust preventing properties and does not cause hydrogen brittieness; 
for example, titanium and stainless steel. As long as the required properties including excellent electrical conductivity 
are satisfied, copper plates and dense cart>on plates or engineering plastics having surface coated with (for example. 

40 plated with) a metal like gold, platinum, or titanium may also be applicable as the holders 20 and 22. 

The holder 22 is provided with an O-ring 26, which comes into contact with the electrolyte membrane 1 0 and prevents 
an atmosphere of one electrode from leaking to the other electrode. Another structure of ensuring the sealing properties 
may also be applicat>le instead of the O-ring 26; for example, an end portion of the electrolyte membrane 10 is applied 
to the holder 22 directiy via an adhesive or by means of thermal contact bonding. 

45 The holders 20 and 22 respectively have, on the circumference thereof, outer screw threads 20b and 22b. which 
mate and engage with internal screw threads 24a and 24b formed inside the insulating member 24. Engagement of the 
mating screw tiireads 20b,22b and 24a.24b connects the holders 20 and 22 witti each other, where the holders 20 and 
22 securely support the sandwich structure of electrode 12-electrolyte membrane 1 0-electrode 1 4 placed therebetween. 
Preferable material for tfie insulating member 24 is. for example. Teflon. 

so The caft>on monoxide sensor 1 further includes a gas flow conduit 28 joined with one holder 20 ttirough engagement 
of mating screw threads. The gas flow conduit 28 leads a gaseous fuel or object gas to be detected into the electrode 
12 and is composed of insulating material. The other holder 22 does rx>t connect with any specific gas conduit, but the 
electrode 14 is exposed to the atTiosphere. 

The carbon monoxide sensor 1 is also provided with a circuit 30. which electrically connects detection terminals 

55 20T and 22T of the hoklers 20 and 22 witii each other. The circuit 30 includes a voltmeter 32 and a resistor 34 for 
adjusting load current, which are arranged in psu'allel between the detection terminals 20T and 22T. Connection of the 
voltmeter 32 is determined to give negative polarity to the detection terminal 20T of the holder 20 on the side of the 
electrode 12 exposed to a gaseous fuel and positive polarity to the detection terminal 22T of the holder 22 on the side 
of the electrode 14 exposed to tiie atmosphere. Signals of the voltmeter 32 are output to an external control system. 
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The carbon monoxide sensor 1 thus constructed is linked through engagement of mating screw threads with a 
branched opening 40a of a gaseous fuel conduit 40 included in a fuel cell generator (not shown). The cartx)n monoxide 
sensor 1 is used for determining the concentration of carkx>n monoxide included in a supply of gaseous fuel fed to fuel 
cells (not shown). 

5 The following description regards the process of detecting carbon monoxide included in a hydrogen-rich gaseous 

fuel (object gas to be detected) with the carbon monoxide sensor 1 . A supply of gaseous hydrogen included in the 
hydrogen-rich gaseous fuel is fed to the electrode 12 of the cartxin monoxide sensor 1 , while a supply of oxygen included 
in the atmosphere is fed to the electrode 14. Reactions expressed by Equations (6) and (7) below accordingly proceed 
on the surface of the electrodes 12 and 14 across the electrolyte membrane 10: 

10 

H2^2H* + 2e- (6) 
2l-r + 2e- + (1/2)02-*H20 (7) 

15 These reactions are identical with those in fuel cells, which uses hydrogen and oxygen as fuels to generate 

electrical energy. An electromotive force is thus generated between the electrodes 12 and 14. Since the resistor 34 is 
connected to the electrodes 1 2 and 1 4 in this embodiment, the voltmeter 32 measures the potential difference between 
the electrodes 12 and 1 4 generated when a predetermined load is placed between the electrodes 1 2 and 1 4 and certain 
electric current is flown through the circuit The potential difference decreases with an increase in concentration of cartx>n 

20 monoxide included in the gaseous fuel. This phenomenon is ascrit>ed to the fbllowing reasons. 

The reaction expressed by Equation (6) given above proceeds on the electrode 12, in which carbon powder with 
platinum catalyst carried thereon is inserted. Carbon monoxide existing in the gaseous fuel is adsorbed by the catalyst 
and interferes with the catalytic action, that is, poisons the catalyst. The degree of poisoning is large for the high con- 
centration of carbon monoxide included in the gaseous fuel and small for the low concentration of carbon monoxide. 

25 The potential difference between the detection terminals 20T and 22T is measured, while the reactions expressed by 
Equations (6) and (7) continuously proceed on tiie electrodes 12 and 14. Since the potential difference reflects the 
concentration of carbon monoxide included In the gaseous fuel, the measurement of potential difference determines tiie 
concentration of carbon monoxide included in the gaseous fuel. The resistor 34 connecting one detection terminal 20T 
with the other detection terminal 22T allows the reactions of Equations (6) and (7) to continuously proceed on the e\ec- 

30 trodes 1 2 and 1 4, while the potential difference is measured between the detection terminals 20T and 22T 

A relationship between the concentration of cartx)n monoxide and the measurement of tine voltmeter 32 is deter- 
mined previously using gas containing known concentrations of cartx)n monoxide. The concentration of carbon monoxide 
Included in the gaseous fuel is then determined according to this relationship. In accordance with a concrete structure, 
a map representing a relationship between tiie concentration of carbon monoxide included in the gaseous fuel and tiie 

35 potential difference measured by the voltmeter 32. for exanrple, a map as shown in Fig. 2. is stored previously in a ROM 
of an electronic control unit The electi'onic control unit refers to the map and executes logic operations to determine tiie 
concentration of carbon monoxide. The sensitivity of detection is not affected by the existence of hydrogen in this process 
of determining the concentration of carix)n monoxide. The concentration of carbon monoxide included even in the hydro- 
gen-rich reactant gas, such as a supply of gaseous fuel fed to fuel celts, can thus be determined with high precision. 

40 In the cartx)n monoxide sensor 1 , while one electrode 1 2 receives a supply of gaseous fuel, the other electrode 1 4 
is exposed to the atmosphere. This does not require any specific gas supply conduit on the electrode 1 4, thereby reducing 
the size of the whole cartoon monoxide sensor 1 . 

In tiie first embodiment, the electronic control unit reads the voltage measured with the voltmeter 32 of the carbon 
monoxide sensor 1 and determines the concentration of carbon monoxide included in the gaseous fuel by referring to 

45 the map as shown in Rg. 2. Another possible structure outputs a predetermined signal showing that the gaseous fuel 
contains cartx)n monoxide of not less tiian a predetermined concentration, when the voltage measured with the voltmeter 
32 is not greater than a predetermined value. According to a concrete application, the electronic control unit compares 
with the voltage measured with the voltmeter 32 with a predetermined value, which is stored previously in a ROM of tiie 
electronic control unit, and outputs an L-level signal for the voltage of greater than the predetermined value and an H- 

so level signal for the voltage of not greater than the predetermined value. 

The carbon monoxide sensor 1 has temperature dependence; that is. the output voltage for a fixed concentration 
of carton monoxide is varied depending upon the temperature of the carbon monoxide sensor 1 . The temperature of 
the cart>on nxuioxide sensor 1 may be different from the tenrperature of fuel cells by their relative positions. A preferable 
structure thus previously determines temperature-output voltage and carbon monoxide concentration-ouiput voltage 

55 characteristics, and corrects the output voltage t^sed on the temperature of the carfcx>n monoxide sensor 1 for deter- 
mining the concentration of carbon monoxide with further enhanced precision. 

Fig. 3 is a vertical cross sectional view illustrating another cartx)n monoxide sensor 101 as a second embodiment 
according to the invention. Like the cartoon monoxide sensor 1 of the first emtxxliment, the carkx)n monoxide sensor 
1 01 of the second embodiment includes an electrolyte membrane 1 1 0, a pair of electrodes 112 and 114 an-anged across 
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the electrolyte membrane 1 1 0 to form a sandwich structure, a pair of meshed metal plates 1 1 6 and 1 18 disposed across 
the sandwich structure, lower and upper holders 120 and 122 for supporting the sandwich structure as well as the pair 
of meshed metal plates 116 and 118. an insulating member 124 for connecting the lower holder 120 with the upper 
holder 122 under electrically insulating conditions, and a third holder 150 disposed above the upper holder 122. 

5 Unlike the holder 22 of the first embodiment, the upper holder 122 exposed to the atmosphere does not have a 

screw thread on the circumference thereof, but is fitted in the insulating member 124. The insulating member 124 is 
formed higher than the insulating member 24 of the first embodiment. 

The third holder 150 has, on the circumference thereof, a screw thread 150a, which engages with a mating screw 
thread 1 24c formed Inside the insulating member 1 24. Engagement of the mating screw threads 1 50a and 1 24c allows 

10 the third holder 150 to be securely held inside the insulating member 124. A flange 150b is projected inward from the 
top end of the third holder 150, and a spring 152 is arranged to have one end in contact with the bottom face of the 
flange 150b. The other end of the spring 152 comes into contact with the upper holder 122. and presses down the 
sandwich structure of electrode 1 14-electrolyte membrane 1 10-electrode 112 indirectly via the upper holder 122. 
The third holder 1 50 is made of the same nnaterial as the lower and upper holders 1 20 and 1 22, whereas the spring 

IS 152 is made of steel stock having excellent electrical conductivity The third holder 1 50 is thus electrically connected to 
the upper holder 122 via the spring 152. The third holder 150 is further provided with a detection terminal 150T, which 
is connected with a detection terminal 120T of the lower holder 120 by a circuit 130. The circuit 130 includes a voltmeter 
132 and a resistor 1 34 for adjusting load current like the circuit 30 of the first embodiment. 

The upper holder 122 has a notched groove 160 on the upper circumforence thereof as dearly seen in Rg. 4. while 

20 the insulating member 124 has a vertical groove 162 formed on the inside wall thereof as shown in Rg. 3. The vertical 
groove 1 62 runs from a lower end of the third holder 150 to a lower end of the upper holder 122. which is located at the 
lower-most position. The vertical groove 162 connects with the notched groove 160 formed on the upper holder 122. 
The notched groove 160 and the vertical groove 162 function as a safety valve for relieving the pressure of gaseous fuel 
abnormally heightened. Operation of safety valve function is described more in detail. 

25 Rg. 3 shows the state in which the upper holder 122 Is pressed down to its lower-most position by the pressing 
force of the spring 152. In this state of Rg. 3 (hereinafter referred to as the normal state), an gaseous fuel supplied 
through the electrode 112 gradually leaks through a space between the lower holder 120 and the electrode 112 into a 
space between the lower holder 1 20 and the electrolyte memtxane 110 and passes through a space between the side 
face of the electrolyte membrane 110 and the inner wall of the insulating merriber 124, whereas an O-ring 1 26 effectively 

30 prevents the gaseous fuel from leaking into the electrode 114. 

When the pressure of gaseous fuel abnormally increases from the normal state, the sandwich structure of electrode 
112-electrolyte membrane llO-electrode 114 and the upper holder 122 receive the abnormally heightened pressure 
and press the spring 152 upward. When the upward force exceeds the pressing force of the spring 152. the sandwich 
structure and the upper holder 122 move upward in the vertical direction until the upper end of the upper holder 122 

35 comes into contact with the lower end of the third holder 150, as shown in the enlarged cross sectional view of Rg. 5. 
A flow of the gaseous fuel in this state is shown by the one-dot chain line in Fig. 5. Since the side face of the electrolyte 
membrane 1 10 is located above the lower end of the vertical groove 162 as shown in Rg. 5. the gaseous fuel flows 
along the side face of the electrolyte membrane 110 into the vertical groove 162 and passes through the notched groove 
160 formed on the upper holder 122 towards the electrode 114 exposed to the atmosphere. The gaseous fuel having 

40 abnormally heightened pressure is eventually released to the atmosphere. 

When the pressure of gaseous fuel is decreased to the normal level by the release of gaseous fuel, the pressing 
force of the spring 152 again overcomes the upward force of the gaseous fuel. In this state, the gaseous fuel is not 
released to the atmosphere, but is sealed on the side of the electrode 112. 

Like the carbon monoxide sensor 1 of the first embodiment, the cartoon monoxide sensor 1 01 of the second embod- 

45 iment thus constructed can determine the concentration of cartx)n monoxide by measuring an electromotive force gen- 
erated between the electrodes 1 12 and 1 14 with the voltmeter 132 of the circuit 130. The sensitivity of detection is not 
affected by the existence of hydrogen, and the concentration of caftx>n monoxide included in the gaseous fuel can thus 
be determined with high precision like the first embodiment. 

When the pressure of gaseous fuel or ot3|ect gas abnormally increases, the carbon monoxide sensor 101 of the 

50 second embodiment releases the heightened pressure to the atmosphere via the vertical groove 162 and the notched 
groove 160. thereby effectively canceling the abnormal increase of gas pressure which may cause some trout)les or 
problems. 

In the carbon monoxide sensor 101 of the secorKl embodiment, the electrode 1 12 is electrically disconnected from 
the lower holder 120 under the condition of abnormally heightened pressure as shown in Fig. 5. The voltage=0 [V] 
55 measured by the voltmeter 132 accordingly implies an operation of safety valve function to release the abnormally 
heightened gas pressure to the atmosphere. 

The structure of detecting an operation of safety valve function by an electric signal gives the secondary effects as 
t>elow. Operation of commercially available safety valves used as general gas-piping parts can not be detected electri- 
cally, txit is checked by existing or non-existing sound of gas discharged from a gas cock. Only when a user is near the 
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gas cock, he notices an operation of the safety valve and takes a required measure. The caitx)n monoxide sensor 101 
of the second embodiment, however, can electrically detect an operation of safety valve function. For example, a fuel 
cell generator system with such a cartwn monoxide sensor receives an electric signal representing an operation of safety 
valve function and stops or limits a supply of fuels (methanol and water) to a methanol reformer, thereby automatically 
5 checking an increase in pressure of gaseous fuel. 

According to another possible structure, an impedance between the detection terminal 1 20T of the lower holder 1 20 
and thedetection terminal 1 SOT of the third holder 1 50 is measured. In this modified structure, infinite impedance implies 
an operation of safety valve function, and a signal representing an operation of safety valve function is output to the 
control system. 

10 The cartxDn monoxide sensor described above can be incorporated in a fuel cell generator system. Rg. 6 is a block 
diagram illustrating structure of a fuel cell generator system 200 with the carbon monoxide sensor 1 of the first emkxxi- 
iment. as a third embodiment according to the present invention. 

The fuel cell generator system 200 includes a stack of polymer electrolyte fuel cells 210 for generating electrical 
energy, a reformer 216 for generating hydrogen-rich gas from methanol stored in a methanol reservoir 212 and water 

IS stored in a water reservoir 214, a gaseous fuel supply conduit 218 for feeding the hydrogen-rich gas generated by the 
reformer 216 as a gaseous fuel to the stack of fuel cells 210, and a gaseous fuel discharge conduit 220 for discharging 
the residual gas from the stack of fuel cells 210. The fuel cell generator system 200 is further provided with the carbon 
monoxide sensor 1 described above in the middle of the gaseous fuel supply conduit 218. An electronic control unit 230 
receives output signals of the cartoon monoxide sensor 1 and executes a variety of control processes. 

20 The stack of fuel cells 210 includes a plurality of polymer electrolyte fuel cells, whose unit cell structure is shown in 
Fig, 7. Each unit fuel cell includes an electrolyte membrane 241 , an anode 242 and a cathode 243 arranged across the 
electrolyte membrane 241 to form a sandwich structure and work as gas diffusion electrodes, first and second separators 
244 and 245 disposed across the sandwich structure and combined with the anode 242 and the cathode 243 to constitute 
flow paths of gaseous fuel and oxygen-containing gas. and first and second current collectors 246 and 247 disposed 

25 respectively outside the first and the second separators 244 and 245 to work as current-collecting electrodes of the 
anode 242 and the cathode 243. 

The electrolyte membrane 241 is composed of solid polymer material, such as f luororesin. to be proton-conductive 
and shows a favorable electrical conductivity under the wet conditions. The anode 242 and the cathode 243 are made 
of cartx>n cloth woven of carbon fibers, where carbon powder with platinum catalyst or platinum-containing ailoy catalyst 

30 carried thereon is inserted into the surface of the cartx)n cloth close to the electrolyte memkxane 241 and into pores of 
the carbon cloth. The electrolyte membrane 241 , the anode 242. and the cathode 243 are joined together to form a 
sandwich structure of anode 242-electrolyte membrane 241 -cathode 243, in the same manner as the electrolyte mem- 
brane 10 and the two electrodes 12 and 14 in the cartx^n monoxide sensor 1 of the first embodiment. 

The f irst separator 244 has a plurality of ribs, which constitute, in connection with the surface of the anode 242. a 

35 plurality of first channels 244p allowing flows of gaseous fuel. The second separator 245 also has a plurality of ribs, 
which constitute, in connection with the surface of the cathode 243. a plurality of second channels 245p allowing flows 
of oxygen-corrtaining gas. 

Each unit fuel cell in the stack of fuel cells 210 has the structure desaibed above. In the actual configuration of the 
stack of fuel cells 210. plural sets of first separator 244/ anode 242/ electrolyte membrane 241/ cathode 243/ second 
40 separator 245 are laid one upon another, and the first and the second cunent collectors 246 and 247 are disposed 
outside the plural sets. 

The gaseous fuel supply conduit 218 connects the reformer 216 with an anode-side gas inlet 210a of the stack of 
fuel cells 210. According to a concrete structure, the anode-side gas inlet 210a is connected to a manifold (not shown) 
and further to the plurality of first channels 244p for the flows of gaseous fuel in the stack of fuel cells 21 0 via the manifold. 

45 An anode-side gas outiet 210b of the stack of fuel cells 210 is also connected to another manifold (not shown) and 
further to the plurality of first channels 244p in the stack of fuel cells 210 via the manifold. The direction of connection 
of the gas outiet 210b is opposite to the direction of connection of the gaseous fuel supply conduit 218. 

The reformer 21 6 includes: a reformer unit 21 6a allowing the reaction (expressed by Equation (1 ) above) of decom- 
posing methanol to carbon monoxide and hydrogen and tiie reaction (expressed by Equation (2) above) of generating 

so cartx)n dioxide and hydrogen from water and carix>n monoxide generated by the decomposition reaction; a shift reaction 
unit 216b for making the residual, non-reacted cartoon monoxide in the reformer unit 216a further react with water; and 
a partial oxidizing unit (also called as selective oxidizing unit) 216c for oxidizing the residual, non-reacted cartx>n mon- 
oxide in the shift reaction unit 216b. The units 216a through 216c of tiie reformer 216 are respectively connected to the 
electronic control unit 230. 

55 The electronic control unit 230 is constructed as a logic circuit with a microcomputer According to a concrete struc- 
ture, the electronic control unit 230 includes: a CPU 232 for executing a variety of operations according to preset control 
programs; a ROM 234. in which control programs and control data required for the execution of various operations by 
the CPU 232 are previously stored; a RAM 236, which various data required for the execution of various operations by 
the CPU 232 are tennporarily written in and read from; and an input/output port 238 for receiving output signals from the 
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carbon monoxide sensor 1 and oulputting control signals to the refomier unit 216a, the shift reaction unit 216b, and the 
partial oxidizing unit 216c of the reformer 216. 

In the drawing of Fig. 6. only the gas system on the anode's side Is shown and that on the cathode's side is omitted. 

The CPU 232 of the electronic control unit 230 thus constructed receives output signals from the cartx>n monoxide 
5 sensor 1 and controls the reformer unit 216a. the shift reaction unit 216b. and the partial oxidizing unit 216c of the 
reformer 216 according to the output signals, so as to reform the quality of hydrogen-rich gas used as gaseous fuel. 

Fig. 8 is a flowchart showing a control routine of reforming the hydrogen-rich gas. The control routine is repeatedly 
executed at predetermined time Intervals. When the program enters the routine, the CPU 232 stores an output voltage 
from the voltmeter 32 of the carbon monoxide sensor 1 as a measured concentration D of carton monoxide into the 
10 RAM 236 at step S250. The measured concentration D of carbon monoxide is then compared with a predetermined 
level DO at step S260. in this embodiment, tiie predetermined level DO is set equal to 20 [jDpm] under an operating 
condition that tiie gas consumption ratio on the anode's side is 80[%]. 

When the measured concentration D of carbon monoxide is greater than the predetermined level DO at step S260. 
the CPU 232 determines that the concentration of cartxsn monoxide from the reformer 216 is too high and executes a 
IS required process to lower the concentration of cartx>n monoxide discharged from the reformer 216. 

Affirmative answer at step S260 leads the program to step S270. at which the CPU 232 transmits a control signal 
to the partial oxidizing unit 216c of the reformer 216 to increase a flow of air fed into the partial oxidizing unit 216c. The 
partial oxidizing unit 21 6c is driven at tennperatures of 1 0O'^C through 200''C. An increase in air flow fed into the reformed 
gas accelerates the reaction of oxidizing cartx^n monoxide included in the reformed gas to cartxsn dioxide. This results 
20 in lowering the concentration of cart>on monoxide included in the reformed gas discharged from the partial oxidizing unit 
216c. The program tiien goes to RETURN and exits from tiie control routine. 

When the measured concentration D of cartxxi monoxide is not greater tiian tiie predetermined level DO at step 
S260. on the other hand, the CPU 232 determines that the concentration of cartx)n monoxide from the reformer 216 is 
at an appropriate level. The program then goes to RETURN and exits from this control routine. 
25 In the fuel cell generator system 200 of the third emtxxfiment. the cartx>n monoxide sensor 1 determines the con- 
centration of carbon monoxide included in the hydrogen-rich gas supplied to the stack of fuel cells 210. When the meas- 
ured concentration D of cartxsn monoxide is greater than the predetermined level DO, the CPU 232 increases the flow 
of air fed into the partial oxidizing unit 216c of the reformer 216. This effectively lowers the concentration of cartx>n 
monoxide included in the hydrogen-rich gas fed to the stack of fuel cells 210, thereby relieving the catalyst poisoning in 
30 the stack of fuel ceils 2 1 0. 

An increase in the air flow fed into the reformed gas in the partial oxidizing unit 216c accelerates the oxidation 
reaction shown below: 

2CO + 02->2C02 

35 

2H2+02^2H20 

Such oxidation reaction relatively lowers the partial pressure of hydrogen included in the reformed gas. A relative 
decrease in partial pressure slightiy lowers the output voltage from the stack of fuel cells 210. In a preferable structure. 
40 when the measured concentration D of cartx)n monoxide is restored to be smaller than the predetermined level DO, the 
air flow into the partial oxklizing unit 216c is returned to a stationary level. 

In the structure of the third emtxxiiment, the concentration of cart>on monoxide included in the reformed gas is 
lowered by controlling the air fk)w fed into the partial oxidizing unit 216c. Other methods may, however, be applied to 
lower the concentration of carbon monoxide included in the reformed gas; for example, increasing the reaction terrper- 
45 ature in the partial oxidizing unit 216c, increasing the reaction temperature in the reformer unit 216a, or controlling the 
reaction temperature in the shift reaction unit 216b. 

The predetermined level DO used for the comparison at step S260 depends upon the specifications of polymer 
electrolyte fuel cells (temperature of operation, type of catalyst, and gas consumption ratio). The predetermined level 
DO is set by examining effects of a gaseous fuel containing a known concentration of carix)n monoxide and flown into 
50 the fuel cell generator system (for example, a tank gas containing a known concentration of cartx)n monoxide), on the 
stack of fuel cells 210. 

The carbon monoxide sensors 1 and 101 described in the first and the second emtxxJiments have a predetermined 
sensitivity of detecting cartx>n monoxide. The sensitivity of detection refers to the detectable limit of concentration of 
cart>on nnonoxide. Sensors having high sensitivity of detection have a lower detectable limit of concentration, whereas 
55 those having low sensitivity of detection have a higher detectable limit of concentration. The sensitivity of detection can 
be adjusted by utilizing the fact that the output voltage characteristic of the cartx>n monoxide sensor depends upon the 
type of catalyst. Compared with cartx>n monoxide sensors using platinum as a catalyst of electrodes, those using plat- 
inum-ruthenium alloy as a catalyst of electrodes generally have lower sensitivity of detection. 
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Alternatively, the sensitivity of detection may be adjusted by taking advantage of the fact that the temperature of the 
cartoon monoxide sensor varies the sensitivity of detection. Since the cartx)n monoxide sensors of the above embodi- 
ments have temperature dependence as described above, the sensitivity of detection can be adjusted by heating or 
cooling the carbon monoxide sensor. Fig. 9 is a graph showing a relationship between the temperature of the cartx)n 

5 monoxide sensor 1 of the first embodiment and the output voltage (potential difference). This graph dearly shows that 
the potential difference is signif icantiy varied by the temperature of the cart>on monoxide sensor 1 . A concrete structure 
of adjusting the sensitivity of detection with the variation in temperature of a carbon monoxide sensor is given below. 

Fig. 1 0 is a vertical cross sectional view illustrating a carbon monoxide sensor 301 as a fourth entxxiiment according 
to tiie invention. The cartoon nfK>noxide sensor 301 has similar structure to tiiat of the cart>on monoxide sensor 1 of tiie 

10 first embodiment, except that a heater 303 is disposed in the gas flow conduit 28. The heater 303 is connected to a 
circuit including a secondary cell 305 and a switch 307. A control system (not shown) gives instructions to on and off 
the switch 307 and control tiie temperature of the cartxDn monoxide sensor 301 , or at least the electrodes 1 2. to a preset 
level (for example, SO^C). 

A cylindrical PTC heater is used for the heater 303 in this embodiment, although any other heating elements, such 

IS as nichrome wire and cartx>n-resistant heating elements, may also be applicable. 

In the carbon monoxide sensor 301 thus constructed, the heater 303 increases the temperature of the carbon mon- 
oxide sensor 301, thereby enhancing the anti-poisoning properties of platinum catalyst. This structure including tiie 
heater 303 allows tiie sensitivity of detection to be set lower than that of the structure without any heater. 

The temperature of tiie carbon monoxide sensor without a heater is substantially equal to the temperature of oper- 

20 ation, which Is approximately 80*C. The preset level of temperature controlled tiirough the on-off operation of tiie heater 
303 is accordingly set to be higher tiian 80^C for the lower sensitivity of detection. 

In the cartoon monoxide sensor 301 of this fourth embodiment, an excessive increase in temperature of the electrode 
12-electrolyte membrane 10-electrode 14 structure excessively dries the electrolyte membrane 10 and undesirably 
heightens the internal resistance. It is thus preferable that the preset level of temperature is not higher than 1 00^*0. Under 

25 the condition that the object gas or gaseous fuel on the anode's side is pressurized and sufficiently moistened, however, 
the electrolyte membrane 10 does not excessively dry even at the temperature of higher than 100**C. The preset level 
of temperature controlled by the on-off operations of the heater 303 is thus set in an individual carbon monoxide sensor 
301 by considering the positiori of the cariDon monoxide sensor 301. the required range of measurement for the con- 
centration of carbon monoxide, and the temperature, pressure, humidity of the gaseous fuel fed to the anode. 

30 Although the heater 303 is disposed on the side exposed to tiie gaseous fuel relative to the electrolyte membrane 
10 in this embodiment, a heater may be placed on the side exposed to the atmosphere. Since the temperature of tiie 
atmosphere is generally higher than the temperature of the gaseous fuel or object gas. the heater arranged on the side 
of the electrode 1 4 exposed to the atmosphere requires a greater energy for maintaining the carbon monoxide sensor 
at a predetermined temperature. 

35 In the structure of the fourth embodiment, the sensitivity of detection of the carbon monoxide sensor 301 is lowered 
by increasing the temperature of the cartx)n monoxide sensor 301 with the heater 303. The sensitivity of detection of 
the carbon monoxide sensor can be heightened, on the contrary, by making part of coolant in the stack of fuel cells 210 
flow around the carbon monoxide sensor to lower the temperature of tiie cart)on monoxide sensor. In accordance with 
a concrete structure (not illusto-ated). a flow path is set in the insulating member 24 and part of coolant in tiie stack of 

40 fuel cells 21 0 is led into the flow path. 

Another cart>on monoxide sensor having a modified structure (not illustrated) is given as a fifth embodiment accord- 
ing to the present invention. The structure of the fifth embodiment prevents the catalyst component of the electrode 12 
exposed to the gaseous fuel or object gas from being poisoned by caitjon monoxide of unexpectedly high concentration. 
This effectively maintains the performance of the cartx>n monoxide sensor. The stixicture of the fifth embodiment is 

45 Similar to that of the cartx)n monoxkJe sensor 301 of the fourth embodiment, except that the cartx)n monoxide sensor 
of the f ifth embodiment is set at higher temperatures of 140^C through 160**C. 

The increased temperatijre of tiie carbon monoxide sensor to 140^*0 through 160**C releases the adsorbed cartx)n 
monoxide from the surface of platinum catalyst in the electrode 12, thereby recovering the catalytic activities. Heating 
by the heater 303 may continue for about one minute after the temperature of the carbon monoxide sensor is increased 

so to 1 40*C tiirough 1 60**C. 

In a fuel cell generator system including such a cartxsn monoxide sensor, the heater 303 is activated at one or a 
combination of the following timings: 

(1) at predetermined intervals during the operation of the fuel cell generator system; 
S5 (2) at every activation of the fuel cell generator system; 

(3) at every stop of the fuel cell generator system; and 

(4) at every time when the cart>on monoxide sensor detects tiie extremely high concentration of cartx^n monoxide 
greater than a predetermined level. 
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The structure of the fifth embodiment activates the heater 303 to set the cartx)n monoxide sensor at high temper- 
atures. This allows catbon monoxide adsortjed by the catalyst in the electrode 12 to be released, thereby recovering 
the catalytic activities and preventing the performance of the cartx)n monoxide sensor from being deteriorated. 

The carbon monoxide sensor 1 . 101 . or 301 is arranged in the middle of the gaseous fuel supply conduit 218 as 

5 described in the third emkxxliment above, but may alternatively be arranged in the middle of the gaseous fuel discharge 
conduit 220. The latter structure can measure the concentration of cartDon monoxide included in a gaseous discharge 
from the stack of fuel cells 210. The cartx>n monoxide sensors 1.101. and 301 in the above embodiments are not only 
used to measure the concentration of cart)on monoxide Included in the gaseous fuel fed to the fuel cells, but may be 
applicable to any reactant gas containing hydrogen. All the methanol sensors desaibed later can also be applied to any 

10 hydrogen-containing reactant gas. 

Sixth through tenth embodiments according to the invention described below are related to the apparatus for detect- 
ing an organic compound and the apparatus for detecting a lower alcohol. 

Rg. 11 schematically shows structure of an apparatus 501 for measuring the concentration of methanol with a 
methanol sensor 505 as a sixth embodiment according to the invention. The methanol concentration-measuring appa- 

15 ratus 501 includes a methanol sensor 505. which corresponds to the apparatus for detecting an organic compound and 
the apparatus for detecting a lower alcohol according to the invention, and an electronic control unit 540, 

A primary portion of the methanol sensor 505 is identical with that of the carbon monoxide sensor 1 of the first 
embodiment. In the structure of the methanol sensor 505 of the sixth embodiment, like numerals denote like elements 
of the cait)on monoxide sensor 1 of the first embodiment whose explanation is omitted here. 

20 Referring to Fig, 1 1 . the methanol sensor 505 is provided with a voltmeter 532, which is electrically connected to 
the detection terminals 20T and 22T of the holders 20 and 22 and measures an electromotive force or potential difference 
between the electrodes 12 and 14. The voltmeter 532 is connected to the electronic control unit 540. which receives 
output signals from the voltmeter 532. Connection of the voltmeter 532 is determined to give negative polarity to the 
detection terminal 20T of the holder 20 on the side of the electrode 12 exposed to the gaseous fuel and positive polarity 

25 to the detection terminal 22T of tiie holder 22 on the side of the electrode 1 4 exposed to the atmoisphere. 

The electronic control unit 540 is constructed as a logic circuit with a microcomputer. According to a concrete struc- 
ture, the electronic control unit 540 includes: a CPU 542 for executing a variety of operations according to preset control 
programs: a ROM 544, in which control programs and control data required for the execution of various operations by 
the CPU 542 are previously stored: a RAM 546, which various data required for \he execution of various operations by 

30 the CPU 542 are temporarily written in and read frorh: an input circuit 548 for receiving output signals from tiie voltmeter 
532 off the methanol sensor 505: and an output circuit 549 for outputting tiie concentration off methanol included in the 
gaseous fuel as a linear signal, tiased on the result of operations by the CPU 542. 

The following description regards the process of determining tiie concentration of methanol included in the hydrogen- 
rich gaseous fuel by the methanol concentration-measuring apparatus 501 thus constructed. A supply of gaseous hydro- 

35 gen included in the hydrogen-rich gaseous fuel is fed to the electrode 1 2 of the methanol sensor 505, while a stppiy of 
oxygen included in the atmosphere is fed to tiie electrode 14. The reactions expressed by Equations (6) and (7) above 
accordingly proceed on the surface of the electrodes 12 and 14 across the electrolyte membrane 10. 

These reactions are identical with those in a fuel cell . which uses hydrogen and oxygen as fuels to generate electrical 
energy An electromotive force is tiius generated between the electrodes 12 and 14. An electromotive force generated 

4o under the condition that no load is placed between the electrodes 12 and 14 is refened to as an open circuit voltage 
OCV or no-load voltage. In case that methanol exists in the gaseous fuel, the open circuit voltage OCV generated 
t>etween the electrodes 12 and 14 decreases with an increase in concentration of methanol included in the gaseous 
fuel. This phenomenon is ascribed to the fact that methanol included in the gaseous fuel passes through tiie electrolyte 
membrane 10 and reacts with oxygen on the surface of the electrode 14 in contact with tfie electrolyte membrane 10. 

45 thereby lowering the potential on the electrode 14. 

Rg. 12 is a graph showing a relationship between the concentration of methanol included in the gaseous fuel and 
the open circuit voltage OCV generated between the electrodes 12 and 14. Non-hatched and three hatched bars in the 
graph respectively represent open circuit voltages OCV at respective concentrations of methanol under the conditions 
that the electrode 14 is exposed to an oxygen-containing gas containing the air of 1.0 atm. (101 kPa), 1.5 atm. (152 

so kPa). 2.0 atm. (203 kPa). or 2.5 atm. (253 kPa) with respect to the gaseous fuel of 1 ,5 atm. (152 kPa). These conditions 
are also shown in the lower right box of Fig. 12. The graph of Fig. 12 clearly shows ttiat the open circuit voltage OCV 
gradually decreases with an increase in concentration of methanol included in the gaseous fuel under any of the four 
conditions. 

In the methanol concentration-measuring apparatus 501 of the sixth embodiment, the voltmeter 532 measures the 
55 open circuit voltage OCV and transmits a detection signal representing the open circuit voltage OCV via tiie input circuit 
548 into the electronic control unit 540. The CPU 542 of tiie electronic control unit 540 refers to a map previously stored 
in the ROM 544 and representing a relationship between the concentration of metfianol included in the gaseous fuel 
and the open circuit voltage OCV measured by the voltmeter 532, for example, a map as shown in Rg. 13. determines 
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the concentration of methanol con-esponding to the input open circuit voltage OCV. and outputs the concentration of 
methanol via the output circuit 549. 

The methanol concentration'measuring apparatus 501 of this embodiment can determine the concentration of meth- 
anol included in the hydrogen-rich gas with high precision. 

5 In the methanol sensor 505. while one electrode 12 receives a sipply of gaseous fuel, the other electrode 14 is 

exposed to the atmosphere. This does not require any specific gas supply conduit on the electrode 14, thereby reducing 
the size of the whole methanol sensor 505. 

In the methanol concentration-measuring apparatus 501 of the six embodiment, the CPU 542 reads the open circuit 
voltage OCV measured by the voltmeter 532 via the input circuit 548. determines the concentration of methanol included 

10 in the gaseous fuel by referring to the map previously stored in the ROM 544 (for example, the map shown in Fig. 13), 
and outputs the concentration of methanol via the output circuit 549. According to another possible structure, the open 
circuit voltage OCV measured by the voltmeter 532 is compared with a preset value. When the measured open circuit 
voltage OCV is smaller than the preset value, the CPU 542 outputs a predetermined signal showing that the gaseous 
- fuel contains methanol of not less than a predetermined concentration. For example, the open circuit voltage OCV 

IS measured by the voltmeter 532 is compared with a preset value previously stored in the ROM 544 of the electronic 
control unit 540. The output circuit 549 generates an L-Ievel signal for the open circuit voltage OCV of greater than the 
preset value and an H-level signal for the open circuit voltage OCV of not greater than the preset value. The preset value 
depends upon the characteristics of equipment to which the methanol concentration-measuring apparatus 501 is 
attached, and is set corresponding to the minimum concentration of methanol to be detected. It is preferable that the 

20 voltmeter 532 has a sufficiently high internal impedance not to affect the open circuit voltage OCV. 

In accordance with another preferable structure, the electronic control unit 540 may be replaced by a determination 
circuit 550 shown in Fig. 14. The determination circuit 550 includes a comparator 552, a power source 554 for applying 
a predetermined constant voltage to a plus input terminal of the comparator 552. and first and second resistors 556 and 
558. A minus input terminal of the comparator 552 is connected to the voltmeter 532 and receives an output signal from 

25 the voltmeter 532. The output voltage of the voltmeter 532 decreases with an increase in concentration of methanol 
included in the gaseous fuel. The first and the second resistors 556 and 558 are thus set to make the predetermined 
constant voltage applied to the plus input terminal of the comparator 552 equal to the voltage of the output signal from 
^he voltmeter 532 when the concentration of methanol in the gaseous fuel is equal to a preset value (for example. 3 
mol%). This setting allows the output of the comparator 552 to be varied depending upon whether the concentration of 

30 methanol in the gaseous fuel is greater or less than the preset value. When the concentration of methanol is less than 
the preset value, a voltage higher than a reference voltage is input into the minus input terminal of the comparator 552, 
and an L-leve! signal is thereby output from the output terminal of the comparator 552. When the concentration of meth- 
anol is greater than the preset value, on the contrary, a voltage lower than the reference voltage is input into the minus 
input terminal of the comparator 552. and an H-level signal is thereby output from the output terminal of the comparator 

35 552. 

A methanol concentration-measuring apparatus including the determination circuit 550 in place of the electronic 
control unit 540 has a simpler structure but effectively informs the user that the corx^entration of methanol included in 
the gaseous fuel is not less than a preset value. 

The methanol concentration-measuring apparatus 501 has temperature dependence like the carbon monoxide sen- 

40 sor 1 of the first embodiment; that is. the output voltage for a fixed concentration of methanol is varied depending upon 
the tennperature of the methanol sensor 505. A preferable structure thus previously determines temperature-output volt- 
age and methanol concentration-output voltage characteristics, and corrects the output voltage based on the temperature 
of the metiianol sensor 505 for determining the concentration of methanol with further enhanced precision. 

Another methanol concentration-measuring apparatus 501 B developed tor tiie purpose of determining the concen- 

45 tration of methanol with higher precision by taking account of the temperature dependence is given as a seventh emtxxii- 
iment according to the invention. Fig. 1 5 schematically illustrates structure of a methanol sensor 505B incorporated in 
the methanol concentration-measuring apparatus 501 B of the seventh embodiment. The methanol concentration-meas- 
uring apparatus 501 B of the seventh embodiment has similar structure to that of the methanol concentration-measuring 
apparatus 501 of the sixth embodiment, except that tiie methanol concentration-measuring apparatus 501 B further 

so includes a temperature control mechanism 560 for controlling the temperature of the methanol sensor 505B. In the 
structure of the methanol concentration -measuring apparatus 501 B of the seventh emlxxilment. like numerals denote 
like elements of the methanol concentration-measuring apparatus 501 of the sixth embodiment, whose explanation is 
omitted here. The methanol sensor 505B of the seventh embodiment also has structure corresponding to that of tiie 
carbon monoxide sensor 301 of the fourth embodiment shown in Fig. 10. 

55 The temperature control mechanism 560 incorporated in the methanol sensor 505B includes a heater 562 arranged 
in the gas flow conduit 28 and a control circuit 563 connected to the heater 562. The control circuit 563 further includes 
a power source 564 and a switch 566. The temperature control mechanism 560 receives instructions from a control 
system (not shown) to on and off the switch 566 and controls the temperature of the methanol sensor 505B, or at least 
the electrolyte membrane 10 and the electrodes 12 and 14. to a preset level (for example, BXy^Oy An excessive increase 
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in temperature of the electrode 12-electrolyte membrane 10-electrode 14 structure excessively dries the electrolyte 
membrane 10 and undesirably heightens the internal resistance. It is thus preferable that the preset level is not higher 
than 100°C. Under the condition that the object gas or gaseous fuel on the anode's side is pressurized and sufficiently 
moistened, however, the electrolyte membrane 10 does not excessively dry even at the temperature of higher than 1 0O^'C. 

5 A cylindrical PTC heater is used for the heater 562 in this embodiment, although any other heating elements, such 

as nichrome wire and cartDon-resistant heating elements, may also be applicable. 

In the methanol concentration-measuring e^sparatus 501 B of the seventh emtxxJiment, the temperature of the meth- 
anol sensor 505B is controlled to a preset level by means of the heater 562. This staicture allows the reactions expressed 
by Equations (6) and (7) given above to proceed in a constant state on the electrodes 12 and 14. and allows methanol 

10 included in the gaseous fuel and passing through the electrolyte membrane 1 0 to react in a constant state on the electrode 
14. The structure of the seventh embodiment thus determines the concentration of methanol included in the gaseous 
fuel with high precision. 

Like tiie methanol concentration-measuring apparatus 501 of the sixth emtxxiiment. the methanol concentration- 
measuring apparatus 501 B of the seventh embodiment may include thedetermination circuit 550 in place of the electronic 
15 control unit 540. 

AHhough the temperature control mechanism 560 is disposed in the gas flow conduit 28 of the gaseous fuel in the 
methanol concentration-measuring apparatus 501 B of the seventh embodiment, the temperature control mechanism 
560 may be placed on the opposite side exposed to the atmosphere relative to the electrolyte membrane 10. 

Fig. 16 schematically illustrates structure of still another methanol concentration-measuring apparatus 501 C as an 

20 eighth emt>odiment according to the invention. The methanol concentration-measuring apparatus 501 C of the eighth 
en:t>odiment has similar structure to that of the methanol concentration-measuring apparatus 501 of the sixth embodi- 
ment, except that the methanol concentration-measuring apparatus 501 C further includes a switching mechanism 570. 
In the structure of the methanol concentration-measuring apparatus 501 C of the eighth embodiment like numerals 
denote like elements of the methanol concentration-measuring apparatus 501 of the sixth embodiment, whose expla- 

25 nation is omitted here. 

The switching mechanism 570 is Incorporated in a methanol sensor 505C of the methanol concentration-measuring 
apparatus 501 C and includes a relay 572, a contact 574 of the relay 572, and a resistor 576. The switching mechanism 
570 is arranged in parallel with the voltmeter 532 between the detection terminals 20T arxJ 22T, whereas the contact 
574 of the relay 572 and the resistor 576 are disposed in series. 

30 While the relay 572 is off, the contact 574 of the relay 572 is in an open position to disconnect the resistor 576 from 
the detection terminals 20T and 22T The potential difference measured by the voltmeter 532 under such a condition 
corresponds to the open circuit voltage OCV between the electrodes 12 and 14. While tiie relay 572 is on. on the other 
hand, the contact 574 of the relay 572 is in a ck>sed position to connect the resistor 576 with the detection terminals 
20T and 22T The poterttial difference measured by the voltmeter 532 under such a condition corresponds to the potential 

35 difference between tx>th terminals of the resistor 576. The relay 572 is further connected to an output circuit 549C of an 
electronic control unit 540C and is driven and controlled by the electronic control unit 540C. The electronic control unit 
540C has identical hardware to that of the electronic control unit 540 of the sixth embodiment. 

Operation of the methanol concentration-measuring apparatus 501 C of the eighth embodiment is descrit>ed below. 
The electronic control unit 540C of the methanol concsntration-measuring apparatus 501 C outputs on or off signals via 

40 the output circuit 549C to the relay 572 at every input of an interruption signal or at predetermined intervals (for example, 
at every 20 msec). 

While the relay 572 is off and the contact 574 of the relay 572 is in the open position, the resistor 576 is disconnected 
from the detection terminals 20T and 22T, and the potential difference measured by the voltmeter 532 represents the 
open circuit voltage OCV between the electrodes 1 2 and 1 4. Under these conditions, the methanol concenti-ation-meas- 

45 uring apparatus 501 C can determine the concentration of methanol included In the gaseous fuel or object gas fed to the 
gas flow condiit 28. in the same manner as the methanol concentration-measuring apparatus 501 of the sixth embod- 
iment. While the relay 572 is on and the contact 574 of the relay 572 is in the closed position, on the contrary, the resistor 
576 is connected to the detection terminals 20T and 22T. and the potential difference measured by the voltmeter 532 
represents the potential difference between both terminals of the resistor 576. Under these conditions, the methanol 

50 concentration-measuring apparatus 501 C can determine the concentration of cartx>n monoxide included in the gaseous 
fuel or object gas fed to the gas flow conduit 28. in the same manner as the cartxsn monoxide sensor 1 of the first 
embodiment. 

In the methanol concentration-measuring apparatus 501C of the eighth embodiment, the voltmeter 532 measures 
the potential difference between the detection terminals 20T and 22T. that is, the potential difference between t)oth 
55 terminals of the resistor 576. in such state that the relay 572 is on to close the contact 574 for measuring cartoon monoxkie 
included in the gaseous fuel. A signal representing the measured potential difference is irput into the electronic control 
unit 540C via an input circuit 548C. A CPU 542C of the electronic control unit 540C refers to a map previously stored in 
a ROM 544C and representing a relationship t>etween the concentration of cartx>n monoxide included in the gaseous 
fu^ and the potential difference measured by the voltmeter 532. for exanrple. tiie map as shown in Fig. 2. deternnines 
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the concentration of caibon monoxide corresponding to the input potential difference, and outputs the concentration of 
cariDon monoxide via the output circuit 549C. 

The methanol concentration-measuring apparatus 501 C of the eighth embodiment has the switching mechanism 
570 of simple structure, which selects.either measurement of cariDon monoxide or measurement of methanol. The switch- 

5 ing mech€uiism 570 allows both cart>on monoxide and methanol included in the gaseous fuel or object gas to be detected 
with high precision only by sinple on-off operations of the relay 572 included in the switching mechanism 570. 

Poisoning of the catalyst in the electrode 12 by the effect of carbon monoxide included in the gaseous fuel is tem- 
perature dependent as described previously. It is accordingly preferable that the methanol concentration-measuring 
apparatus 501 C of the eighth embodiment further includes the temperature control mechanism 560 of the seventh 

10 embodiment shown in Rg. 1 5. when the temperature of the gaseous fuel or object gas is significantly varied. 

Like the methanol concentration-measuring apparatus 501 of the sixth embodiment, in the methanol concentration- 
measuring apparatus 501C of the eighth embodiment, the electronic control unit 540C reads the potential difference 
measured by the voltmeter 532. determines the concentration of methanol or the concentration of carbon monoxide 
included in the gaseous fuel by referring to the map previously stored in the ROM 5440 (for example, tiie map shown 

IS in Fig. 13 or Rg. 2). and outputs the concentration of methanol or the concentration of carbon monoxide via the output 
circuit 5490. According to another possible structure, the potential difference measured by the voltmeter 532 is compared 
with a preset first potential difference for determination of methanol or a preset second potential difference for determi- 
nation of cartx)n monoxide. When the measured potential difference is less than the preset first or second potential 
difference, the electronic control unit 5400 outputs a predetermined first signal showing that tiie gaseous fuel contains 

20. . methanol of not less than a predetennlned first concentration or a predetermined second signal showing that the gaseous 
fuel contains carbon monoxide of not less than a predetermined second concentration. For example, the potential dif- 
ference measured by tiie voltmeter 532 is compared with a preset first value for determination of methanol or a preset 
second value for determination of cartoon monoxide previously stored in the ROM 5440 of the electronic control unit 
5400. The output circuit 5490 generates an L-level signal for the potential difference of greater than the preset first or 

25 second value and an H-level signal for the potential difference of not greater than the preset first or second value. Another 
preferable structure includes two determination circuits 550 shown in Fig. 14, one for determination of methanol and the 
other for determination of carbon monoxide, in place of the electronic control unit 5400. Reference voltages used in the 
respective determination circuits are set according to the characteristics of the respective potential differences. 

Fig. 1 7 schematically illustrates structure of a methanol sensor 605 incorporated in another methanol concentration- 

30 measuring apparatus 601 as a ninth embodiment according to the invention. A primary portion of the methanol sensor 
605 is identical with that of the carbon monoxide sensor 1 01 of the second embodiment shown in Fig. 3. In the structure 
of the methanol sensor 605 of the ninth embodiment, like numerals denote like elements of the carbon monoxide sensor 
101 of the second embodiment, whose explanation is omitted here. 

Referring to Fig. 17. the methanol sensor 605 is provided witti a voltmeter 632. which is electrically connected to 

35 the detection terminals 120T and 150T of the holders 120 and 150 and measures an electromotive force or potential 
difference between the electrodes 1 12 and 114. Connection of the voltmeter 632 is determined to give negative polarity 
to the detection terminal 1 20T of the lower holder 1 20 on the side of the electrode 1 1 2 exposed to the gaseous fuel and 
positive polarity to the detection terminal 150T of the tiiird holder 150 on tfie side of the electrode 114 exposed to the 
atmosphere. This configuration of the voltmeter 632 is simitar to that of the voltmeter 532 in the methanol sensor 505 

40 of the sixth embodiment The voltmeter 632 measures the open circuit voltage GOV generated between the electrodes 
112 and 114. 

Like the cartoon monoxide sensor 101 of the second embodiment, when the pressure of gaseous fuel or object gas 
abnormally increases, the methanol sensor 605 of the ninth embodiment releases the heightened pressure to the atmos- 
phere, thus effectively canceling the abnormal increase of gas pressure which may cause some troubles or problems. 
45 The methanol sensor 605 measures the open circuit voltage OOV generated between the electrodes 1 1 2 and 1 14 by 
means of the voltmeter 632. and thereby determines the concentration of methanol included in the object as with high 
precision, in the same manner as the metiianol sensor 505 of tiie sixth embodiment. 

Like the carbon monoxide sensor 101 of the second embodiment, in tiie methanol concentration-measuring appa- 
ratus 601 of the ninth embodiment, the voltage=0 [V] measured by the voltmeter 132 implies an operation of safety valve 
so function to release the abnormally heightened gas pressure to the atmosphere. 

According to another possible structure, an impedance between the detection terminal 1 20T of the lower holder 1 20 
and the detection terminal 1 50T of the third holder 1 50 is measured. In this modified structure, infinite impedance implies 
an operation of safety valve function, and a signal representing an operatic^ of safety valve function is output to tiie 
control system. 

S5 Fig. 18 is a block diagram schematically illustrating structure of a fuel cell generator system 700 with a metiianol 
concentration-measuring apparatus 701 as a tenth emt^odiment according to the invention. The fuel cell generator sys- 
tem 700 includes a stack of polymer electrolyte fuel cells 710 for generating electrical energy, a reformer 716 for gen- 
erating hydrogen-rich gas from metiianol stored in a methanol reservoir 712 and water stored in a water reservoir 71 4. 
a gaseous fuel supply conduit 718 for feeding tiie hydrogen-rich gas generated by the reformer 716 as a gaseous fuel 
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to the stack of fuel cells 710. and a gaseous fuel discharge conduit 720 for discharging the residual gas from the stack 
of fuel cells 710. The fuel cell generator system 700 further includes a voltmeter 724 for measuring a potential difference 
between output terminals 71 la and 71 lb of the stack of fuel cells 710, a cut-off mechanism 726 disposed in the course 
of a conductive line 722. and a caibon monoxide sensor 719 arranged in the middle of the gaseous fuel supply conduit 

5 718. The conductive line 722 connects the output terminals 71 1a and 71 lb of the stack of fuel cells 710 with a driving 
apparatus (not shown) driven by means of outputs from the fueJ cell generator system 700. 

The stack of fuel cells 710 has similar structure to that of the stack of fuel cells 210 incorporated in the fuel cell 
generator system 200 of the third embodiment Fig. 19 schematically Illustrates a typical structure of the stack off fuel 
cells 710. which includes a plurality of layer units 248. which are laid one upon another via separators 249a. Each layer 

10 unit 248 includes an anode 242, an electrolyte menr^rane 241. and a cathode 243 as shown in Fig. 7. The separator 
249a is composed of the same material as the first separator 244 and the second separator 245 of the unit fuel cell 
shown in Fig. 7. The separator 249a is combined with the surface of the anode 242 of one adjacent layer unit 248 (on 
the left in the drawing of Rg. 19) to constitute flow paths 244P for gaseous fuel, while being combined with the surface 
of the cathode 243 of the other adjacent layer unit 248 (on the right in the drawing of Fig. 19) to constitute flow paths 

15 245P for oxygen-containing gas. A first separator 244 is disposed immediately outside a right-most layer unit 248R in 
the drawing to constitute only the flow paths 244P for gaseous fuel. A second separator 245 is. on the other hand, 
disposed immediately outside a left-most l^er unit 248L in the drawing to constitute only the flow paths 245P for oxygen- 
containing gas. 

The polymer electrolyte fuel cell 10 further includes: a pair of coolant flow paths 249b and 249c respectively arranged 
20 outside the first and the second separators 244 and 245; a pair of current collectors 249d and 249e respectively disposed 
outside the coolant flow paths 249b and 249c; a pair of end plates 249h andi 249i arranged via insulating plates 249f 
and 249g as outer-most layers to support all tiie above structural elements; and a pair of clamping bolts 249j for clamping 
and locking the end plates 249h and 249i. 

The output terminals 71 1 a and 71 1 b are attached to the cunrent collectors 249d and 249e of the stack of fuel cells 
25 710 thus constructed. 

Referring back to Fig. 18. the gaseous fuel supply conduit 718 connects the reformer 716 with an anode-side gas 
inlet 710a of the stack of fuel cells 710. According to a concrete structure, the anode-side gas inlet 710a is connected 
to a manifold (not shown) and further to the plurality of first channels 244p (see Rg. 7) formed for tiie flows of gaseous 
fuel in the stack of fuel cells 710 via the manifold. An anode-side gas outiet 710b of the stack of fuel cells 710 is also 

30 connected to another manifold (not shown) and further to the plurality of first channels 244p in the stack of fuel cells 71 0 
via the manifold. The direction of connection of the gas outiet 710b is opposite to the direction of connection of the 
gaseous fuel supply conduit 718. 

Like the reformer 216 in the fuel cell generator system 200 of the third embodiment, the reformer 716 includes a 
reformer unit 716a. a shift reaction unit 716b. and a partial oxidizing unit 716c. The units 716a through 716c of the 

35 reformer 716 are respectively connected to an electronic control unit 730. 

The cut-off mechanism 726 includes a relay 727 and a contact 728 of the relay 727. While the relay 727 is off. the 
contact 728 of the relay 727 is in a closed position to connect tiie output terminals 71 1a and 71 lb of the stack of fuel 
cells 710 with tiie driving apparatus and transn^ outputs from the stack of fuel cells 710 to the driving apparatus. While 
the relay 727 is on, on the contrary, the contact 728 of the relay 727 is in an open position to disconnect the output 

40 terminals 711 a and 71 1 b from the driving apparatus. The relay 727 of the cut-off mechanism 726 is further connected 
to the electronic control unit 730 via a conductive line and activated by a driving signal output from tiie electronic control 
unit 730. 

The electronic control unit 730 has similar structure to that of the electronic control unit 230 in the fuel cell generator 
system 200 of the third emtxxJiment. The electronic control unit 730 includes a CPU 732, a ROM 734. a RAM 736, an 
45 and an input/output port 738. 

In the drawing of Fig. 1 8, only the gas system on tiie anode*s side is shown and that on the cathode's side is omitted. 

The methanol concentration-measuring apparatus 701 includes the stack of fuel cells 710. the voltmeter 724, the 
cut-off mechanism 726. and the electronic control unit 730. As described previously in the sixth through the nintii enrdxxj- 
iments. the essential structure of the methanol sensor according to the present invention is identical with a stack of 
50 polymer electrolyte fuel cells. The stack of fuel cells 710 is thus used as a methanol sensor for measuring methanol 
included in a gaseous fuel. The process of measuring methanol included in the gaseous fuel with the stack of fuel cells 
710 functioning as a methanol sensor is described below. 

Fig. 20 is a flowchart showing a metfianol detection routine executed by the CPU 732 of the electronic control unit 
730 in the tenth embodiment. The methanol detection routine is executed as a subroutine of another control routine or 
55 at predetermined intervals (for example, at every 100 msec). 

When the program enters the methanol detection routine, the CPU 732 first outputs a driving signal via the input/out- 
put port 738 to turn on the relay 727 of the cut-off mechanism 726 and open the contact 728 of the relay 727. thereby 
disconnecting the output terminals 711a and 71 lb of the stack of fuel cells 710 from the driving apparatus at step S800. 
The program then proceeds to step 8810, at which the CPU 732 reads a potential difference (that is. an open circuit 
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voltage OCV) between the output terminals 71 1a and 71 lb of the stack of fuel cells 710 under a no-load condition, as 
a signal from the voltmeter 724 via the input/output port 738. The CPU 732 then outputs a driving signal to turn off the 
relay 727 of the cut-off mechanism 726 and dose the contact 728 of the relay 727. thereby connecting the output terminals 
711 a and 71 1b.of.the stack of fuel cells 710 with the driving apparatus at step S820. The program subsequently proceeds 

5 to step S830. at which the CPU 732 refers to a map previously stored in the ROM 734 and representing a relationship 
between the concentration of methanol included in the gaseous fuel and the open circuit voltage OCV measured by the 
voltmeter 724, for example, the map shown in Rg. 13. and determines the concentration of methanol corresponding to 
the input open circuit voltage OCV. After the determination, the program goes to RETURN and exits from the routine. 
The connection of the output terminals 71 la and 71 lb of the stack of fuel cells 710 with the driving apparatus is 

10 intercepted for a time period between the execution of step S800 and that of step S820. The time period is varied 
depending upon the characteristics of the stack of fuel cells 71 0 and the voltmeter 724, but generally ranges from several 
to ten-odd milliseconds. Since the driving apparatus has relatively slow response, the temporary, short-time interception 
does not affect the driving apparatus but allows continuous operation of the driving apparatus. 

The concentration of methanol in tiie gaseous fuel thus determined by the methanol concentration-measuring appa- 

T5 ratus 701 as well as the concentration of carbon monoxide in the gaseous fuel determined by the carbon monoxide 
sensor 719 is used for controlling operations of the reformer 716. Some examples of such control are given k>elow. 
although the process of control is not described in detail. According to one structure, when the concentration of methanol 
in the gaseous fuel is not less than a predetermined level (for example. 1%). operation of the reformer 716 is controlled 
to reduce methanol in the gaseous fuel. For example, the temperature of the reformer unit 716a is increased to enhance 

20 the reactivity of methanol. When the concentration of carbon monoxide in tiie gaseous fuel is not less than a predeter- 
mined level (for example. 1 0 ppm), operation of the reformer 71 6 is controlled to reduce carbon monoxide in the gaseous 
fuel. For example, an air flow fed to the partial oxidizing unit 716c is increased. 

The methanol concentration-measuring apparatus 701 of tiie tenth embodiment can determine tiie concentration 
of metiianol included in the gaseous fuel or object gas with high precision, witiiout adding any specific hardware to the 

25 fuel cell generator system 700. This effectively reduces the size of the whole fuel celt generator system 700. The reformer 
716 is efficientiy driven and controlled according to the results of measurement, that is, tiie concentration of metiianol 
and the concentration of carbon monoxide. 

The sixth through the tenth embodiments described above are related to tiie apparatus for measuring methanol. 
This structure of tiie embodiments is applicable to apparatus for measuring specific organic compounds including meth- 

sto anol. Methanol is an only organic compound which may be detected from the hydrogen-rich gaseous fuel generated by 
reforming methanol. Organic compounds other than metiianol may be detected from hydrogen-rich gas generated by 
reforming petroleum or the like. The structure of the sixth through the tenth embodiments is applicable for measuring 
substances satisfying tiie following three conditions: passing tiirough tiie electi^olyte membrane; causing oxidation on 
the anode exposed to oxygen after tiie permeation; and not doing damage, like change of properties or dissolution, to 

35 the electrolyte membrane. 

Organic compounds detectable by the substantially similar structure to those of the sixth through the tenth embod- 
iments include: 

alcohols, such as methanol, ethanol, propanol. butanol. pentanol. octanol, and benzyl alcohol; 
ketones, such as acetone, methyl ethyl ketone, methyl propyl ketone, methyl butyl ketone, diethyl ketone, and 
40 dipropyi ketone; 

amines, such as propylamine: 
esters, such as methyl acetate; 
ethers, such as diethyl ether; and 

glycerols, such as ethylene glycol, ethylene glycol ethyl ether, propylene glycol, and glycerol. 

45 In the structure of measuring any one of the above organic compounds, a map representing a relationship between 
the concentration of the organic compound of interest included in the hydrogen-containing reactant gas and the open 
circuit voltage OCV measured by the voltmeter (532 or 632) is prepared in advance. The structure determines the con- 
centration of the organic compound of interest, which is included in the hydrogen-containing reactant gas. corresponding 
to the open circuit voltage OCV by referring to the map. 

so The structure of the sixtii through the tenth embodiments is also applicable for measuring lower alcohols, such as 
methanol, etiianol, propanol, fcwjtanol. and pentanol. These lower alcohols can be detected by substantially the same 
structure as tiiose of the sixth through the tenth embodiments. A map representing a relationship between the concen- 
tration of the lower alcohol of interest included in the hydrogen-containing reactant gas and tiie open circuit voltage OCV 
measured by the voltmeter (532 or 632) is prepared in advance. The structure determines the concentration of the lower 

55 alcohol of interest, which is included in the hydrogen-containing reactant gas, corresponding to tiie open circuit voltage 
OCV by referring to the map. 

The above emtxxjiments are only illustrative and not restrictive in any sense. There may be many other modifications, 
alterations, and changes without departing from the scope or spirit of essential characteristics of the invention. The 
scope and spirit of the present invention are limited only by the terms of the appended claims. 



20 



EP0 710 835 A2 

Claims 

1. An apparatus for detecting carbon monoxide included in a hydrogen-containing reactant gas. said apparatus com- 
prising: 

5 an electrolyte membrane; 

first and second electrodes with a catalyst earned thereon, said first and second electrodes being arranged 
across said electrolyte membrane; 

a reactant gas supply conduit for supplying said reactant gas to said first electrode; 
an oxygen gas supply conduit for supplying an oxygen-containing gas to said second electrode; and 
10 potential difference measurement means for measuring a potential difference between said first and second 

electrodes while a predetemiined load is connected to said first and second electrodes. 

2. An apparatus in accordance with^ daim 1. wherein said oxygen gas supply conduit comprises an air opening for 
exposing said second electrode to the atmosphere. 

IS 

3- An apparatus in accordance with claim 1 , said apparatus further comprising: 

a connection passage for connecting said reactant gas supply corxjuit to the atmosphere; and 
valve means disposed in said connection passage, said valve means being driven to an open position when 
a pressure in said reactant gas supply conduit becomes greater than a predetermined level. 

20 

4. An apparatus in accordance with claim 3. said apparatus further comprising: 

valve state detection means for detecting said valve means in its open position. 

5. An apparatus in accordance witii claim 1 . said apparatus further comprising: 

25 temperature control means for controlling temperature of said first electrode. 

6. An apparatus in accordance with claim 1 . said apparatus further comprising: 

means for heating said first electrode to remove carbon monoxide adsorbed by the catalyst on said first 
electrode. 

30 

7. An apparatus in accordance witii claim 1 , said apparatus further comprising: 

concentration calculating means for calculating a concentration of cartxjn nnonoxide included In said reactant 
gas. based on tfie potential difference measured by said potential difference measurement means. 

35 a An apparatus in accordance witii claim 1 . said apparatus further comprising: 

determination means for determining that cartx>n monoxide of not less tiian a predetermined concentration 
exists in said reactant gas when tiie potential difference measured by said potential difference measurement means 
is not greater than a preset value. 

40 9. An apparatus for detecting an organic compound included in a hydrogen-containing reactant gas, said apparatus 
conprising: 

an electrolyte membrane; 

first and second electrodes witii a catalyst earned thereon, said first and second electrodes being arranged 
across said electrolyte membrane; 
45 a reactant gas supply conduit for supplying said reactant gas to said first electrode; 

an oxygen gas supply conduit for supplying an oxygen-containing gas to said second electrode; and 
potential difference measurement means for measuring a potential difference between said first and second 
electrodes. 

so 10. An apparatus in accordance witii daim 9. wherein said oxygen gas supply conduit comprises an air opening for 
exposing said second electrode to the atmosphere. 

11 . An apparatus in accordance witii claim 9. said apparatus further comprising: 

a connection passage for connecting said reactant gas supply conduit to the atmosphere; and 
55 valve means disposed in said connection passage, said valve means being driven to an open position when 

a pressure in said reactant gas supply conduit becomes greater than a predetermined level. 

12. An apparatus in accordance witii claim 1 1 , said apparatus further comprising: 

valve state detection means for detecting said valve means in its open position. 
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13. An apparatus in accordance with claim 9. said apparatus further comprising: 

temperature control means for controlling temperature of said first electrode. 

14. An apparatus in accordance with claim 9. said apparatus further comprising: 

5 switching means for moving between a first position where a predetermined load is connected to said first 

and secorxi electrodes and a second position where said predetermined load is disconnected from said first and 
second electrodes; 

means for calculating a concentration of cart>on monoxide included in said reactant gas, based on the poten- 
tial difference measured by said potential difference measurement means, while said switching means is in said 
10 first position; and 

means for calculating a concentration of said organic compound included in said reactant gas, based on the 
potential difference measured by said potential difference measuremerrt means while said switching means is in 
said second position. 

IS 15. An apparatus in aocordance with claim 9, said apparatus further comprising: 

means for calculating a concentration of said organic compound included in said reactant gas, t>ased on the 
potential difference measured by said potential difference measurement means. 



16. An apparatus in accordance with claim 9, said apparatus further comprising: 

^ determination means for determining that said orgsuiic compound of not less than a predetermined concen- 

tration exists in said reactant gas when tiie potential difference measured by said potential difference measurement 
means is not greater than a preset value. 

17. An apparatus for detecting an organic conpound included in a hydrogen-containing reactant gas. said apparatus 
25 comprising: 

a multi-layered structure comprising a plurality of layer units laid one upon another, each said layer unit com- 
prising an electrolyte membrane and first and second electrodes having a catalyst carried thereon and arranged 
across said electrolyte membrane; 

a reactant gas supply conduit for supplying said reactant gas to said first electrode in said each layer unit; 
30 an oxygen gas supply conduit for supplying an oxygen-containing gas to said second electrode in said each 

layer unit; and 

potential difference measurement means for measuring a potential difference between said first electrode 
proximate to a first end of said multi-layered structure and said second electrode proximate to a second end of said 
multi-layered structure, which is opposite to said first end. 

35 

18. An apparatus in accordance with claim 17, wherein said multi-layered structure comprises a stack of fuel cells 
comprising a plurality of fuel cells laid one upon anotiier. said apparatus further comprising: 

cut-off means for cutting off a connection of said stack of fuel cells v^h a predetermined load for a preset 
time period: and 

40 concentration calculating means for calculating a concentration of said organic compound included in said 

reactant gas, based on the potential difference measured by said potential difference measurement means, in said 
preset time period when said predetermined load is disconnected from said stack of fuel cells by said cut-off means. 



1 9. An apparatus for detecting a lower alcohol included in a hydrogen-containing reactant gas, said apparatus compris- 
45 ing: 

an electrolyte membrane; 

first and second elect-odes with a catalyst carried thereon, said first and second electrodes being arranged 
across said electrolyte membrane; 

a reactant gas supply conduit for supplying said reactant gas to said first electrode; 
so an oxygen gas supply conduit for supplying an oxygen-containing gas to said second electrode: and 

potential difference measurement means for measuring a potential difference between said first and second 
electrodes. 



20. An apparatus in accordance with claim 19, wherein said lower alcohol detected is methanol. 

55 

21. A method of detecting cart)on monoxide included in a hydrogen-containing reactant gas, said method comprising 
the steps of: 
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(a) supplying said reactant gas to a first electrode, which is one of two electrodes having a catalyst carried 
thereon and being arranged aaoss an electrolyte membrane; 

(b) supplying an oxygen-containing gas to a second electrode, which Is the other of said two electrodes; and 

(c) measuring a potential difference between said first and second electrodes while a predetermined load is 
5 comected to said first and second electrodes. 

22. A method in accordance with claim 21 , said method further comprising the step of: 

(d) controlling temperature of said first electrode. 

10 

23. A method in accordance with claim 21, said method further conprising the step of: 

(e) calculating a concentration of cartx)n monoxide included in said reactant gas. teased on the potential differ- 
ence measured in said step (c). 

15 

24. A method in accordance with claim 21 , said method further comprising the step of: 

(f) determining that carbon monoxide of not less than a predetermined concentration exists in said reactant gas 
when the potential difference measured in said step (c) is not greater than a preset value. 

20 

25. A method of detecting an organic compound included in a hydrogen-containing reactant gas, said method conprising 
the steps of: 

(g) supplying said reactant gas to a first electrode, which is one of two electrodes having a catalyst carried 
25 tiiereon arKi being arranged aaoss an electrolyte membrane: 

(h) supplying an oxygen-containing gas to a second electrode, which is the other of said two electrodes; and 

(i) measuring a potential difference between said first and second electrodes. 

26. A method in accordance with claim 25, said method further comprising the steps of: 

(j) switching between a first state where a predetermined load is connected to said first and second electrodes 
and a second state where said predetermined load is disconnected from said first arxJ second electrodes; 
(k) calculating a concentration of cartoon monoxide included in said reactant gas, based on the potential differ- 
ence measured in said step (i), in said first state switched in said step Q); and 

(I) calculating a concentration of said organic compound included in said reactant gas, based on tiie potential 
difference measured in said step (i), in said second state switched in said step (j)- 

27. A metiiod in accordance with claim 25. said mettiod further comprising tiie step of: 

40 (m) calculating a concentration of said organic compound included in said reactant gas, teased on the potential 

difference measured in said step (i). 

28. A metiiod of detecting an organic compound included in a hydrogen-containing reactant gas, said method comprising 
the steps of: 

(n) supplying said reactant gas to a first electrode in each layer unit of a multi-layered structure, said multi- 
layered structure comprising a plurality of layer units laid one upon another, each said layer unit comprising an 
elecb^olyte membrane and first and second electrodes having a catalyst carried thereon and an-anged across 
said electrolyte membrane; 

(o) supplying an oxygen-containing gas to said second electrode in said each layer unit: and 
(p) measuring a potential difference between said first electi-ode proximate to a first end of said multi-layered 
structure and said second elecfa-ode proximate to a second end of said mufti-layered structure, which is opposite 
to said first end. 

55 29. A method in accordance with claim 28, wherein said multi-layered structure comprises a stack of fuel cells comprising 
a plurality of fuel cells laid one upon another, said method further comprising the steps of: 

(q) cutting off a connection of sakj stack of fuel cells with a predetermined load for a preset time period; and 



23 



EP0 710 835A2 



(r) calculating a concentration of said organic conpound included in said reactant gas. based on the potential 
difference measured in said step (p). in said preset time period when said predetermined load is disconnected 
from said stack of fuel cells in said step (q)- 

30, A method of detecting a lower alcohol included In a hydrogen-containing reactant gas. said method comprising the 
steps of: 

(s) supplying said reactant gas to a first electrode, which is one of two electrodes having a catalyst carried 
thereon and being arranged across an electrolyte membrane; 

(t) supplying an oxygen-containing gas to a second electrode, which is the other of said two electrodes; and 
(u) measuring a potential difference between said first and second electrodes. 
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Fig. 5 
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